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(57) ABSTRACT

Provided are a method for manufacturing 3.4,5-tri-
caffeoylquinic acid, which can produce 3,4,5-tricaffeoylqui-
nic acid with high efficiency by a simple operation in a short
process using inexpensive raw materials, and intermediate
compounds. The method for manufacturing 3.4,5-tri-
caffeoylquinic acid of the invention includes at least Step (1)
of allowing a compound represented by Formula (1) or a
compound represented by Formula (2) to react with a
compound represented by Formula (4); and Step (2) of
deprotecting the product obtained in Step (1), and producing
3,4,5-tricaffeoylquinic acid:
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METHOD FOR MANUFACTURING
3,4,5-TRICAFFEOYLQUINIC ACID

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of PCT International
Application No. PCT/JP2014/060176 filed on Apr. 8, 2014,
which claims priority under 35 U.S.C. §119(a) to Japanese
Patent Application No. 2013-080214 filed on Apr. 8, 2013,
Japanese Patent Application No. 2013-088550 filed on Apr.
19, 2013, and Japanese Patent Application No. 2013-203423
filed on Sep. 30, 2013. Each of the above applications is
hereby expressly incorporated by reference, in its entirety,
into the present application.

BACKGROUND OF THE INVENTION

The present invention relates to a method for manufac-
turing 3,4,5-tricaffeoylquinic acid.

In recent years, research and development on the utiliza-
tion of plant resources is being conducted in a variety of
fields have been performed.

Among them, polyphenols in particular are attracting
attention from the viewpoint of health care, and various
polyphenols are extracted from plants and are utilized in
various applications. For example, it has been reported that
sweet potato-derived polyphenols are effective in diseases
and beauty care, such as cancers, diabetes mellitus, hyper-
tension, Alzheimer’s disease, HIV, and melanogenesis inhi-
bition (Shokuhin Kogyo (Food Industry), Vol. 3 (2005), pp.
1-7 (Shokuhin Gijutsu Tosho Shuppan)).

Chlorogenic acids, which constitute one class of polyphe-
nols, are contained in coffee beans, sweet potato leaves,
mugwort, honeysuckle, sunflower, and the like, and chloro-
genic acids have been extracted from plants using hot water
or ethanol. However, it has been extremely difficult to purify
chlorogenic acids to such a high extent that the purified
chlorogenic acids can be utilized as pharmaceutical prod-
ucts.

3,4,5-Tricaffeoylquinic acid has the highest physiological
activity among chlorogenic acids, and it has been reported
that this acid has various physiological activities such as
strong antitumor action, antidiabetic action, antihyperten-
sive action, and antiviral action (Shokuhin to Gijutsu (Food
and Technologies), Vol. 8 (2008), pp. 10-18 (Japan Food
Industry Center)). 3,4,5-Tricaffeoylquinic acid is obtained
by extracting the acid from the stems and leaves of sweet
potato or Brazilian propolis using an alcohol, subsequently
degreasing the extract with hexane, and fractionating the
acid by adsorption chromatography and gel filtration chro-
matography (JP 2005-298382A).

However, the amount of 3,4,5-tricaffeoylquinic acid con-
tained in plants and the like is so small that, in order to
obtain highly pure 3,4,5-tricaffeoylquinic acid, a compli-
cated and long purification process is required. In spite of
having attractive physiological activity, it has been difficult
to apply 3,4,5-tricaffeoylquinic acid to practical applica-
tions.

On the other hand, synthesis of 3,4,5-tricaffeoylquinic
acid has been investigated, and the complete synthesis was
reported for the first time in Chem. Pharm. Bull., Vol. 59
(2011), pp. 502-507.

SUMMARY OF THE INVENTION

However, the method described in Chem. Pharm. Bull.,
Vol. 59 (2011), pp. 502-507 has various problems such as
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that the process is long, the operation is complicated,
expensive reagents are needed, cryogenic reaction condi-
tions are needed, and a markedly long time is required for
the detachment of protective groups in the final step.

Under such circumstances, an object of the present inven-
tion is to provide a method for manufacturing 3,4,5-tri-
caffeoylquinic acid, the method being capable of producing
3,4,5-tricaffeoylquinic acid with high efficiency by a short
process and a simple operation using inexpensive raw mate-
rials.

The inventors of the present invention conducted thor-
ough investigations, and as a result, the inventors found a
novel method for manufacturing 3.4,5-tricaffeoylquinic
acid, thus completing the invention.

That is, the inventors found that the object described
above can be achieved by the following constitution.

(1) A method for manufacturing 3,4,5-tricaffeoylquinic
acid, the method including at least Step (1) of allowing a
compound represented by Formula (1) described below or a
compound represented by Formula (2) described below to
react with a compound represented by Formula (4) described
below; and Step (2) of deprotecting the product obtained in
Step (1), and producing 3.4,5-tricaffeoylquinic acid repre-
sented by Formula (6) described below.

(2) The method according to (1), in which Step (1) is
carried out in the presence of a solvent having a SP value of
8.0 to 10.0.

(3) The method according to (1) or (2), in which the
temperature of the reaction for Step (1) is =10° C. to 30° C.

(4) The method according to any one of (1) to (3), in
which a compound represented by Formula (1a) described
below is used in Step (1), and the method includes, before
Step (1), Step (3) of allowing a compound represented by
Formula (A3) described below to react with a compound
represented by Formula (AS) described below, and thereby
obtaining the compound represented by Formula (la)
described below.

(5) The method according to any one of (1) to (4), in
which X! represents a halogen atom.

(6) The method according to any one of (1) to (5), in
which X' represents a chlorine atom.

(7) The method according to any one of (1) to (6), in
which R* represents a hydroxyl protective group, and R?
represents a carboxyl protective group.

(8) The method according to any one of (1) to (7), in
which R represents a C,_ alkoxycarbonyl group which may
be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted, and
R? represents a C,_ alkyl group which may be substituted,
or a C,_4 alkenyl group which may be substituted.

(9) The method according to any one of (1) to (8), in
which R' represents a C,_¢ alkoxycarbonyl group which may
be substituted with a halogen atom, and R? represents a C,
alkyl group which may be substituted with a halogen atom.

(10) The manufacturing method according to any one of
(1) to (9), in which RS and R’, which are identical or
different, each represent a C,_¢ alkoxycarbonyl group which
may be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted.

(11) The method according to any one of (1) to (10), in
which R® and R’, which are identical or different, each
represent a C,_¢ alkoxycarbonyl group which may be sub-
stituted with a halogen atom.

(12) The method according to any one of (1) to (11), in
which R?, R*, and R® each represent a hydrogen atom.

(13) A compound represented by Formula (1-1) described
below, or a salt thereof.
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(14) The compound according to (13), or a salt thereof, in
which R'“ represents a C,_, alkoxycarbonyl group which
may be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted, and
R?“ represents a C,_, alkyl group which may be substituted,
or a C, 4 alkenyl group which may be substituted.

(15) The compound according to (13) or (14), or a salt
thereof, in which R'“ represents a C,, alkoxycarbonyl
group which may be substituted with a halogen atom, and
R2“ represents a C,_, alkyl group which may be substituted
with a halogen atom.

(16) The compound according to any one of (13) to (15),
or a salt thereof, in which R® and R”, which are identical or
different, each represent a C, ¢ alkoxycarbonyl group which
may be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted.

(17) The compound according to any one of (13) to (16),
or a salt thereof, in which R® and R”, which are identical or
different, each represent a C,_ alkoxycarbonyl group which
may be substituted with a halogen atom.

(18) The compound according to any one of (13) to (17),
or a salt thereof, in which R, R*, and R® each represent a
hydrogen atom.

According to the invention, a manufacturing method
which can produce a large quantity of 3,4,5-tricaffeoylquinic
acid of high purity with high efficiency, by a short process
and a simple operation using inexpensive raw materials, can
be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the '"H-NMR spectrum of 1A synthesized in
Synthesis Example 1.

FIG. 2 is the '"H-NMR spectrum of 1B synthesized in
Synthesis Example 2.

FIG. 3 is the '"H-NMR spectrum of 1D synthesized in
Synthesis Example 4.

FIG. 4 is the 'H-NMR spectrum of 1E synthesized in
Synthesis Example 5.

FIG. 5 is the 'H-NMR spectrum of methyl 1-car-
bomethoxy-3,4-O-isopropylidene-5-(3,4-dicarbomethoxy-
caffeoyl)quinate synthesized in Synthesis Example 9.

FIG. 6 is the "H-NMR spectrum of 1-carbomethoxy-3,4-
bis(3,4-dicarbomethoxycaffeoyl)-1,5-quinide lactone syn-
thesized in Synthesis Example 10.

FIG. 7 is the 'H-NMR spectrum of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
synthesized in Synthesis Example 11.

FIG. 8 is the '"H-NMR spectrum of 3,4,5-tricaffeoylquinic
acid synthesized in Synthesis Example 11.

FIG. 9 is the '"H-NMR spectrum of 3,4,5-tris(3,4-dicar-
bomethoxycaffeoyl)quinic acid synthesized in Synthesis
Example 12.

FIG. 10 is the 'H-NMR spectrum of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-diallylcaffeoyl)quinate ~ synthe-
sized in Synthesis Example 28.

FIG. 11 is the '"H-NMR spectrum of 3,4,5-tris(3,4-dial-
lylcaffeoyl)quinic acid synthesized in Synthesis Example
28.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, suitable embodiments of the method for
manufacturing 3,4,5-tricaffeoylquinic acid of the present
invention (hereinafter, also simply referred to as “manufac-
turing method of the invention™) will be explained in detail.
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According to the invention, unless particularly stated
otherwise, each term has the following meaning.

A halogen atom means a fluorine atom, a chlorine atom,
a bromine atom, or an iodine atom.

A C,_¢alkyl group means a linear or branched alkyl group
having 1 to 6 carbon atoms, such as a methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, isobutyl, tert-butyl, pentyl, or
hexyl group.

A C, 4 alkenyl group means a linear or branched alkenyl
group having 2 to 6 carbon atoms, such as a vinyl, allyl,
propenyl, isopropenyl, butenyl, isobutenyl, 1,3-butadienyl,
pentenyl, or hexenyl group.

A C, 4 alkynyl group means a linear or branched alkynyl
group having 2 to 6 carbon atoms, such as an ethynyl,
propynyl, butynyl, pentynyl, or hexynyl group.

A C4 4 cycloalkyl group means a cycloalkyl group having
3 to 8 carbon atoms, such as a cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl group.

An aryl group means a phenyl or naphthyl group, or the
like.

An ar-C, 4 alkyl group means an ar-C, ¢ alkyl group such
as a benzyl, diphenylmethyl, trityl, phenethyl, or naphthyl-
methyl group.

A C,_¢ alkoxy group means a linear or branched alkyloxy
group having 1 to 6 carbon atoms, such as a methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentyloxy, or hexyloxy group.

An aryloxy group means a phenoxy or naphthyloxy
group, or the like.

A C, ¢ alkoxy-C, galkyl group means an alkyl group
having 1 to 6 carbon atoms substituted with an alkyloxy
having 1 to 6 carbon atoms, such as a methoxymethyl or
1-ethoxyethyl group.

A C, alkanoyl group means a linear or branched
alkanoyl group having 2 to 6 carbon atoms, such as an
acetyl, propionyl, valeryl, isovaleryl, or pivaloyl group.

An aroyl group means a benzoyl or naphthoyl group, or
the like.

An acyl group means a formyl group, a C, s alkanoyl
group, or an aroyl group.

A C, 4 alkanoyloxy group means a linear or branched
alkanoyloxy group having 2 to 6 carbon atoms, such as an
acetyloxy or propionyloxy group.

An aroyloxy group means a benzoyloxy group, or a
naphthoyloxy group.

An acyloxy group means a C,_; alkanoyloxy group or an
aroyloxy group.

A C, _, alkoxycarbonyl group means a linear or branched
alkyloxycarbonyl group having 1 to 6 carbon atoms, such as
a methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl,
tert-butoxycarbonyl, or  1,1-dimethylpropoxycarbonyl
group.

An aryloxycarbonyl group means a phenyloxycarbonyl or
naphthyloxycarbonyl group, or the like.

A C,  alkylsulfonyl group means an alkylsulfonyl group
having 1 to 6 carbon atoms, such as a methylsulfonyl,
ethylsulfonyl or propylsulfonyl group.

An arylsulfonyl group means a benzenesulfonyl or naph-
thalenesulfonyl group, or the like.

A C,_, alkylsulfonyloxy group means an alkylsulfonyloxy
group having 1 to 6 carbon atoms, such as a methylsulfo-
nyloxy, ethylsulfonyloxy, or propylsulfonyloxy group.

An arylsulfonyloxy group means a benzenesulfonyloxy or
naphthalenesulfonyloxy group, or the like.

A C,_; alkylene group means a methylene, ethylene, or
propylene group.
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A silyl group means a trimethylsilyl, triethylsilyl, or
tributylsilyl group.

A di(C,_4 alkyl)phosphoryl group means a di(C, 4 alkyl)
phosphoryl group such as a dimethylphosphoryl, diethyl-
phosphoryl, or dibutylphosphoryl group.

A diarylphosphoryl group means a diphenylphosphoryl
group or the like.

A diarylphosphinyl group means a diphenylphosphinyl
group or the like.

A leaving group means a halogen atom, a C, 4 alkylsul-
fonyloxy group, an arylsulfonyloxy group, or the like. These
groups may be each substituted with one or more groups
selected from Substituent Group A that will be described
below.

Amino protective groups include all groups that can be
used as conventional protective groups for an amino group,
and examples thereof include the groups described in W.
Greene, et al., Protective Groups in Organic Synthesis, 4%
Ed., pp. 696-926, 2007, John Wiley & Sons, Inc.

Specific examples include an ar-C, 4 alkyl group, a C, ¢
alkoxy-C, 4 alkyl group, an acyl group, a C, _, alkoxycarbo-
nyl group, an aryloxycarbonyl group, a C, 4 alkylsulfonyl
group, an arylsulfonyl group, and a silyl group. These
groups may be each substituted with one or more groups
selected from the Substituent Group A.

Carboxyl protective groups include all groups that can be
used as conventional protective groups for a carboxyl group,
and examples thereof include the groups described in W.
Greene, et al., Protective Groups in Organic Synthesis, 4%
Ed., pp. 533-646, 2007, John Wiley & Sons, Inc.

Specific examples include a C, ¢ alkyl group, a C, ¢
alkenyl group, an aryl group, an ar-C, ¢ alkyl group, a C, ¢
alkoxy-C, 4 alkyl group, and a silyl group. These groups
may be each substituted with one or more groups selected
from the Substituent Group A that will be described below.

Hydroxyl protective groups include all groups that can be
used as conventional protective groups for a hydroxyl group,
and examples thereof include the groups described in W.
Greene, et al., Protective Groups in Organic Synthesis, 4%
Ed., pp. 16-366, 2007, John Wiley & Sons, Inc.

Specific examples include a C, ¢ alkyl group, a C, ¢
alkenyl group, an ar-C, 4 alkyl group, a C, 4 alkoxy-C,
alkyl group, an acyl group, a C,_¢ alkoxycarbonyl group, an
aryloxycarbonyl group, a C, 4 alkylsulfonyl group, an aryl-
sulfonyl group, a di(C, ¢ alkyl)phosphoryl group, a diaryl-
phosphoryl group, a diaryiphosphinyl group, a tetrahydro-
furanyl group, a tetrahydropyranyl group, and a silyl group.
These groups may be each substituted with one or more
groups selected from the Substituent Group A that will be
described below.

Phenolic hydroxyl protective groups include all groups
that can be used as conventional protective groups for a
phenolic hydroxyl group, and examples thereof include the
groups described in W. Greene, et al., Protective Groups in
Organic Synthesis, 4” Ed., pp. 370-424, 2007, John Wiley &
Sons, Inc.

Specific examples include a C, ¢ alkyl group, a C, ¢
alkenyl group, an ar-C, ¢ alkyl group, a C, ¢ alkoxy-C, ¢
alkyl group, an acyl group, a C, 4 alkylsulfonyl group, an
arylsulfonyl group, and a silyl group. These groups may be
each substituted with one or more groups selected from the
Substituent Group A.

Substituent Group A: a halogen atom, a cyano group, a
nitro group, an amino group which may be protected, a
hydroxyl group which may be protected, a carboxyl group
which may be protected, a carbamoyl group which may be
substituted with one or more groups selected from Substitu-
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ent Group B that will be described below, a sulfamoyl group
which may be substituted with one or more groups selected
from the Substituent Group B, a C, ¢ alkyl group which may
be substituted with one or more groups selected from the
Substituent Group B, a C, 4 alkenyl group which may be
substituted with one or more groups selected from the
Substituent Group B, a C, ¢ alkynyl group which may be
substituted with one or more groups selected from the
Substituent Group B, a C;_4 cycloalkyl group which may be
substituted with one or more groups selected from the
Substituent Group B, an aryl group which may be substi-
tuted with one or more groups selected from the Substituent
Group B, a C, 4 alkoxy group which may be substituted with
one or more groups selected from the Substituent Group B,
an aryloxy group which may be substituted with one or more
groups selected from the Substituent Group B, an acyl group
which may be substituted with one or more groups selected
from the Substituent Group B, an acyloxy group which may
be substituted with one or more groups selected from the
Substituent Group B, a C, ¢ alkoxycarbonyl group which
may be substituted with one or more groups selected from
the Substituent Group B, an aryloxycarbonyl group which
may be substituted with one or more groups selected from
the Substituent Group B, and an oxo group.

Substituent Group B: a halogen atom, a cyano group, a
nitro group, an amino group which may be protected, a
hydroxyl group which may be protected, a carboxyl group
which may be protected, a C, 4 alkyl group, an aryl group,
a C,_¢ alkoxy group, and an oxo group.

Examples of an aliphatic hydrocarbon include pentane,
hexane, cyclohexane, heptane, and petroleum ether.

Examples of a halogenated hydrocarbon include methyl-
ene chloride, chloroform, and 1,2-dichloroethane.

Examples of an alcohol include methanol, ethanol, pro-
panol, 2-propanol, butanol, and 2-methyl-2-propanol.

Examples of an ether include diethyl ether, diisopropyl
ether, dioxane, tetrahydrofuran, anisole, ethylene glycol
dimethyl ether, diethylene glycol dimethyl ether, and di
ethyl ene glycol diethyl ether.

Examples of an ester include methyl acetate, ethyl acetate,
propyl acetate, isopropyl acetate, and butyl acetate.

Examples of a ketone include acetone, 2-butanone, and
4-methyl-2-pentanone.

Examples of an amide include N,N-dimethylformamide,
N,N-dimethylacetamide, and 1-methyl-2-pyrrolidone.

Examples of a secondary amine include dimethylamine,
diethylamine, dipropylamine, dibutylamine, pyrrolidine,
piperidine, piperazine, and morpholine.

The C,_¢ alkyl group, aryl group, or C, ¢ alkoxy group for
R may be substituted with one or more groups selected from
the Substituent Group A.

The C, 4 alkoxycarbonyl group, aryloxycarbonyl group,
or acyl group for R' may be substituted with one or more
groups selected from the Substituent Group A.

The ar-C, 4 alkyl group, C,_¢ alkanoyl group, aroyl group,
C,_¢ alkoxycarbonyl group, aryloxycarbonyl group, C, ¢
alkylsulfonyl group, or arylsulfonyl group for R'“ may be
substituted with one or more groups selected from the
Substituent Group A.

The C,_4 alkyl group or C,_4 alkenyl group for R? may be
substituted with one or more groups selected from the
Substituent Group A.

The C,_¢ alkyl group, C,_¢ alkenyl group, aryl group, or
ar-C,_4 alkyl group for R** may be substituted with one or
more groups selected from the Substituent Group A.
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The C, ¢ alkoxycarbonyl group, aryloxycarbonyl group,
or acyl group for RS may be substituted with one or more
groups selected from the Substituent Group A.

The C, ¢ alkoxycarbonyl group, aryloxycarbonyl group,
or acyl group for R” may be substituted with one or more
groups selected from the Substituent Group A.

The methylene group formed by R® and R” together may
be substituted with one or more groups selected from the
group consisting of the Substituent Group A.

Examples of the salt of the compound represented by
Formula (1-1) may include salts for conventionally known
basic groups such as an amino group, and acidic groups such
as a hydroxyl group and a carboxyl group.

Examples of the salt for a basic group include salts with
mineral acids such as hydrochloric acid, hydrobromic acid,
nitric acid, and sulfuric acid; salts with organic carboxylic
acids such as formic acid, acetic acid, citric acid, oxalic acid,
fumaric acid, maleic acid, succinic acid, malic acid, tartaric
acid, aspartic acid, trichloroacetic acid, and trifluoroacetic
acid; and salts with sulfonic acids such as methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, mesity-
lenesulfonic acid, and naphthalenesulfonic acid.

Examples of the salt for an acidic group include salts with
alkali metals such as sodium and potassium; salts with
alkaline earth metals such as calcium and magnesium;
ammonium salts; and salts with nitrogen-containing organic
bases such as trimethylamine, triethylamine, tributylamine,

pyridine, N,N-dimethylaniline, N-methylpiperidine,
N-methylmorpholine, diethylamine, dicyclohexylamine,
procaine, dibenzylamine, N-benzyl-f-phenethylamine,

1-ephenamine, and N,N'-dibenzylethylenediamine.

The manufacturing method of the invention uses a com-
pound represented by Formula (1) described below, or a
compound represented by Formula (2) described below, as
a starting raw material. According to the invention, desired
3,4,5-tricaffeoylquinic acid can be produced conveniently
by allowing at least one hydroxyl group in the groups
represented by OR?, OR* and OR® contained in these com-
pounds, to react with an X' group in a compound repre-
sented by Formula (4) described below to form an ester
bond, and then eliminating (detaching) protective groups
contained in the product (for example, a hydroxyl protective
group, a carboxyl protective group, and a phenolic hydroxyl
protective group).

In the following description, first, an embodiment of using
a compound represented by Formula (1) as a starting raw
material is described in detail, and thereafter, an embodi-
ment of using a compound represented by Formula (2) as a
starting raw material is described in detail.

First Exemplary Embodiment

A first exemplary embodiment of the manufacturing
method of the invention includes at least Step (Al) of
allowing a compound represented by Formula (1) to react
with a compound represented by Formula (4); and Step (A2)
of performing a deprotection reaction of eliminating protec-
tive groups from the product obtained in Step (Al), and
producing 3.4,5-tricaffeoylquinic acid.

Hereinafter, the compounds used in each step, and the
procedure of the steps are described in detail.

[Step (AD)]

Step (A1) is a step of allowing a compound represented by
Formula (1) to react with a compound represented by
Formula (4), and thus obtaining a compound represented by
Formula (5-1), as illustrated in the following scheme.
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First, the compounds used in the present step are
described in detail.
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R! and R? are such that R' represents a hydrogen atom or
a hydroxyl protective group, while R? represents a hydrogen
atom or a carboxyl protective group, and at least one of R*
and R? is not a hydrogen atom, or R' and R? are joined
together to form a protective group represented by
—B(R%)—. In other words, the definitions (meanings) of R*
and R? correspond to the following (A) or (B):

(A) R' represents a hydrogen atom or a hydroxyl protec-
tive group, while R? represents a hydrogen atom or a
carboxyl protective group, and at least one of R and R? is
not a hydrogen atom.

(B) R' and R? are joined together to form a protective
group represented by —B(R%)—.

Specific embodiments of the above item (A) include
embodiment X in which R represents a hydroxyl protective
group, while R represents a carboxyl protective group;
embodiment Y in which R' represents a hydrogen atom,
while R? represents a carboxyl protective group; and
embodiment Z in which R! represents a hydroxyl protective
group, while R? represents a hydrogen atom. Among them,
embodiment X is preferred from the viewpoint that 3,4,5-
tricaffeoylquinic acid can be produced more efficiently.

Meanwhile, as will be described below, at least one of R3,
R*, and R® represents a hydrogen atom; however, even in a
case in which R' is a hydrogen atom, the compound repre-
sented by Formula (4) preferentially reacts with an OH
group in which at least one of R?, R*, and R® is a hydrogen
atom, rather than an OH group in which R is a hydrogen
atom. The details of the reason described above are not
clearly understood; however, it is speculated that due to the
steric hindrance of R2COO— that is adjacent to R'O—, the
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reaction between the compound represented by Formula (4)
and R'O— does not easily proceed.

The definition for the hydroxyl protective group repre-
sented by R* is as described above. Among them, from the
viewpoint of being capable of efficiently performing depro-
tection without damaging the ester bonds at the 3-position to
the 5-position of the quinic acid part formed by the above-
described reaction, and producing 3.4,5-tricaffeoylquinic
acid more efficiently (hereinafter, also simply referred to as
“viewpoint that the effects of the invention become supe-
rior”), R! is preferably a C,_¢ alkoxycarbonyl group which
may be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted; more
preferably a C,_, alkoxycarbonyl group which may be sub-
stituted with one or more groups selected from the Substitu-
ent Group A, an aryloxycarbonyl group which may be
substituted with one or more groups selected from the
Substituent Group A, or an acyl group which may be
substituted with one or more groups selected from the
Substituent Group A; even more preferably a C, _ alkoxy-
carbonyl group which may be substituted with a halogen
atom; and most preferably a methoxycarbonyl group or a
trichloroethoxycarbonyl group. When a C,_ alkoxycarbonyl
group which may be substituted with a halogen atom is used
as R', a compound represented by Formula (5-1) can be
deprotected more efficiently under the conditions that the
caffeoyl group is not cleaved.

The definition for the carboxyl protective group repre-
sented by R? is as described above. Above all, from the
viewpoint that the effects of the invention become superior,
R? is preferably a C,_, alkyl group which may be substituted,
or a C, ¢ alkenyl group which may be substituted; more
preferably a C,_ alkyl group which may be substituted with
one or more groups selected from the Substituent Group A,
or a C, 4 alkenyl group which may be substituted with one
or more groups selected from the Substituent Group A; even
more preferably a C, 4 alkyl group which may be substituted
with a halogen atom; and most preferably a methyl group or
a trichloroethyl group.

When a C,_¢ alkyl group which may be substituted with
a halogen atom is used as R?, a compound represented by
Formula (5-1) can be deprotected more efficiently under the
conditions that the caffeoyl group is not broken.

Meanwhile, when R is a C,_, alkoxycarbonyl group, R?
is preferably a C,_, alkyl group. When R! is a C,_ alkoxy-
carbonyl group substituted with a halogen atom, R? is
preferably a C, 4 alkyl group substituted with a halogen
atom.

R represents a C,_ alkyl group which may be substituted,
an aryl group which may be substituted, or a C, 4 alkoxy
group which may be substituted. Among them, from the
viewpoint that the effects of the invention become superior,
R“ is preferably an aryl group which may be substituted or
a C,_ ¢ alkoxy group which may be substituted; more pref-
erably an aryl group which may be substituted; and even
more preferably a phenyl group.

More specifically, when R* and R? are joined together to
form —B(R#)—, the compound represented by Formula (1)
is represented by the following structural formula:
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R?, R* and R®, which are identical or different, each
represent a hydrogen atom or a group represented by For-
mula (3).

Atleast one of R*, R*, and R® represents a hydrogen atom.
Above all, from the viewpoint that 3,4,5-tricaffeoylquinic
acid can be produced efficiently in fewer steps, it is prefer-
able that at least two of R®, R*, and R are hydrogen atoms,
and it is more preferable that all of them are hydrogen atoms.

&)

In Formula (3), R® and R”, which are identical or different,
each represent a phenolic hydroxyl protective group, or R°
and R” are joined together to form a protective group
selected from the group consisting of a carbonyl group
(—CO—) and a methylene group which may be substituted.
Symbol * represents the bonding position to an oxygen atom
of the compound represented by Formula (1).

From the viewpoint that the effects of the invention
become superior, R® is preferably a C,_, alkoxycarbonyl
group which may be substituted, an aryloxycarbonyl group
which may be substituted, a C,_¢ alkenyl group which may
be substituted, or an acyl group which may be substituted;
more preferably a C,_ alkoxycarbonyl group which may be
substituted with one or more groups selected from the
Substituent Group A, an aryloxycarbonyl group which may
be substituted with one or more groups selected from the
Substituent Group A, a C, ¢ alkenyl group which may be
substituted with one or more groups selected from the
Substituent Group A, or an acyl group which may be
substituted with one or more groups selected from the
Substituent Group A; even more preferably a C, 4 alkoxy-
carbonyl group which may be substituted with a halogen
atom; and most preferably a methoxycarbonyl group or a
trichloroethoxycarbonyl group.

Meanwhile, when a C, ; alkoxycarbonyl group which
may be substituted with a halogen atom is used as R®, a
compound represented by Formula (5-1) can be deprotected
more efficiently under the conditions that the caffeoyl group
is not broken.

From the viewpoint that the effects of the invention
become superior, R is preferably a C,_, alkoxycarbonyl
group which may be substituted, an aryloxycarbonyl group
which may be substituted, a C,_¢ alkenyl group which may
be substituted, or an acyl group which may be substituted;
more preferably a C,_¢ alkoxycarbonyl group which may be
substituted with one or more groups selected from the
Substituent Group A, an aryloxycarbonyl group which may
be substituted with one or more groups selected from the
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Substituent Group A, a C,_4 alkenyl group which may be
substituted with one or more groups selected from the
Substituent Group A, or an acyl group which may be
substituted with one or more groups selected from the
Substituent Group A; even more preferably a C, ¢ alkoxy-
carbonyl group which may be substituted with a halogen
atom; and most preferably a methoxycarbonyl group or a
trichloroethoxycarbonyl group.

When a C, 4 alkoxycarbonyl group which may be substi-
tuted with a halogen atom is used as R’, a compound
represented by Formula (5-1) can be deprotected more
efficiently under the conditions that the caffeoyl group is not
broken.

Furthermore, it is preferable that R® and R” are identical.

In Formula (4), X' represents a hydroxyl group or a
leaving group. There are no particular limitations on the kind
of the leaving group; however, from the viewpoint that the
reaction proceeds more efficiently, X* is preferably a halo-
gen atom, and more preferably a chlorine atom.

The definitions of R® and R” are as described above.

The procedure of the present step is not particularly
limited as long as a product represented by the above
Formula (5-1) is obtained; however, the procedure can be
roughly divided into two methods based on the kind of X*
in Formula (4). In the following, the respective methods
(method M1 and method M2) are described in detail.

(Method M1: Method of Using Compound Represented
by Formula (4) in which X' is Hydroxyl Group)

When X' in Formula (4) is a hydroxyl group, a compound
represented by Formula (5-1) can be produced by allowing
a compound represented by Formula (1) to react with a
compound represented by Formula (4) using a condensing
agent.

Regarding the condensing agent used in this reaction, any
known condensing agent can be used, and examples thereof
include (O)-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethy-
luronium hexafluorophosphate, 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride, dicyclohexylcarbodiim-
ide, carbonyldiimidazole, 2-chloro-1-methylpyridinium
iodide, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmor-
pholine chloride, and ((benzotriazol-1-yl)oxy)(trispyrroli-
dino)phosphonium hexafluorophosphate.

Regarding the amount of use of the condensing agent, an
optimal amount is appropriately selected based on the struc-
ture of the compound represented by Formula (1) that is to
be used. For example, when R, R*, and R” are all hydrogen
atoms, the amount of use of the condensing agent is pref-
erably 3 to 30 times, and more preferably 3.3 to 9.0 times,
the molar amount of the compound represented by Formula
(1). Furthermore, when two of R?, R*, and R> are hydrogen
atoms, the amount of use of the condensing agent is pref-
erably 2 to 20 times, and more preferably 2.2 to 6.0 times,
the molar amount of the compound represented by Formula
(1). Moreover, when one of R?, R*, and R® is a hydrogen
atom, the amount of use of the condensing agent is prefer-
ably 1 to 10 times, and more preferably 1.1 to 3.0 times, the
molar amount of the compound represented by Formula (1).

The method M1 may be carried out in the presence of a
base, if necessary. When a base is present, the reaction
proceeds more efficiently, and the yield is increased.

There are no particular limitations on the kind of the base
used; however, examples thereof include pyridines such as
pyridine, picoline, lutidine, collidine, and 4-dimethylamin-
opyridine; diamines such as tetramethylethylenediamine;
trialkylamines such as triethylamine and diisopropylethyl-
amine; and polycycloamines such as 1,8-diazabicyclo
[5.4.0]-7-undecene (DBU), 1,5-diazabicyclo[4.3.0]-5-non-
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ene (DBN), and 1,4-diazabicyclo[2.2.2]octane (DABCO).
Pyridines and diamines are preferred, and picoline, lutidine,
and tetramethylethylenediamine are more preferred.

Regarding the amount of use of the base, an optimal
amount is appropriately selected based on the structure of
the compound represented by Formula (1) that is to be used.
For example, when R?, R, and R’ are all hydrogen atoms,
the amount of use of the base is preferably 3 to 30 times, and
more preferably 3.3 to 9.0 times, the molar amount of the
compound represented by Formula (1). Furthermore, when
two of R?, R*, and R” are hydrogen atoms, the amount of use
of the base is preferably 2 to 20 times, and more preferably
2.2 to 6.0 times, the molar amount of the compound repre-
sented by Formula (1). Moreover, when one of R?, R*, and
R’ is a hydrogen atom, the amount of use of the base is
preferably 1 to 10 times, and more preferably 1.1 to 3.0
times, the molar amount of the compound represented by
Formula (1).

In the method M1, a solvent may be used, if necessary.

The solvent used therein is not particularly limited as long
as the solvent does not affect the reaction; however,
examples thereof include aliphatic hydrocarbons, aromatic
hydrocarbons, halogenated hydrocarbons, ethers, ketones,
nitriles, and esters. These solvents may be used as mixtures.
Furthermore, any solvent other than those described above
may also be incorporated as long as the solvent does not
affect the reaction.

Preferred examples of the solvent include halogenated
hydrocarbons and nitriles, and methylene chloride, acetoni-
trile, and propanenitrile are more preferred.

The amount of use of the solvent is not particularly
limited; however, the amount of use is preferably 1 to 50
times (v/w), and more preferably 1 to 15 times (v/w), the
amount of the compound represented by Formula (1).

Among the solvents described above, it is preferable to
use a solvent having a SP value of 8.0 to 10.0, from the
viewpoint that the reaction proceeds more efficiently, and the
yield is increased. The SP value is a solubility parameter,
and is a characteristic value that serves as an indicator of
miscibility between liquids. For the SP value, a calculated
value calculated by the Fedors method can be used.

An example may be a solvent having a SP value of 8.0 to
10.0 and selected from aromatic hydrocarbons, halogenated
hydrocarbons, ethers, ketones, and esters, and more specific
examples include butyl acetate (SP value: 8.5), xylene (SP
value: 8.8), toluene (SP value: 8.8), ethyl acetate (SP value:
9.0), benzene (SP value: 9.2), dibutyl phthalate (SP value:
9.4), and methylene chloride (SP value: 9.7).

In the method M1, regarding the amount of use of the
compound represented by Formula (4), an optimal amount is
appropriately selected based on the structure of the com-
pound represented by Formula (1) that is to be used. For
example, when R?, R*, and R® are all hydrogen atoms, the
amount of use of the compound represented by Formula (4)
is preferably 3.0 to 7.5 times, and more preferably 3.3 to 4.5
times, the molar amount of the compound represented by
Formula (1). Furthermore, when two of R?, R*, and R® are
hydrogen atoms, the amount of use of the compound rep-
resented by Formula (4) is preferably 2.0 to 5.0 times, and
more preferably 2.2 to 3.0 times, the molar amount of the
compound represented by Formula (1). Moreover, when one
of R®, R*, and R® is a hydrogen atom, the amount of use of
the compound represented by Formula (4) is preferably 1.0
to 2.5 times, and more preferably 1.1 to 1.5 times, the molar
amount of the compound represented by Formula (1).



US 9,475,752 B2

13

There are no particular limitations on the reaction condi-
tions for the method M1, and optimal conditions are selected
based on the compounds used.

Among them, from the viewpoint that the reaction pro-

ceeds more efficiently, the reaction temperature is preferably >

-10° C. to 50° C., and more preferably 0° C. to 40° C. Also,
from the viewpoints of the product yield and productivity,
the reaction time is preferably 20 minutes to 8 hours, and
more preferably 30 minutes to 4 hours.

According to a method different from the method
described above, a compound represented by Formula (5-1)
can also be produced by allowing a compound represented
by Formula (4) to react with an acid halide or an acid
anhydride to convert the compound to a mixed acid anhy-
dride, and then allowing a compound represented by For-
mula (1) to react with the compound represented by Formula
(4) in the presence of a base.

Examples of the acid halide or acid anhydride used in this
reaction include chloroformic acid esters such as methyl
chloroformate, ethyl chloroformate, and trichloroethyl chlo-
roformate; and acid anhydrides such as trifluoroacetic anhy-
dride.

A compound represented by Formula (5-1) can also be
produced by allowing a compound represented by Formula
(4) to react with a sulfonic acid halide so as to convert the
compound to an alkylsulfonyloxy form or an arylsulfony-
loxy form as a mixed acid anhydride similar to those
described above, thereby converting the resultant to a mixed
acid anhydride with sulfonic acid, and then allowing a
compound represented by Formula (1) to react with the
compound represented by Formula (4) in the presence of a
base. Examples of the sulfonic acid halide used for the
mixed acid anhydride with sulfonic acid include methane-
sulfonyl chloride, benzenesulfonyl chloride, and p-nitroben-
zenesulfonyl chloride.

Preferred reaction conditions in the case in which these
mixed acid anhydrides are allowed to react with a compound
represented by Formula (1), are similar to the conditions
applied to the method M1.

(Method M2: Method of Using Compound Represented
by Formula (4) in which X' Represents Halogen Atom)

When X' in Formula (4) represents a halogen atom, a
compound represented by Formula (5-1) can be produced by
allowing a compound represented by Formula (1) to react
with a compound represented by Formula (4) in the presence
of a base. This reaction corresponds to a so-called reaction
between a carboxylic acid halide and an alcohol.

A compound represented by Formula (4) in which X!
represents a halogen atom can be produced by allowing a
compound represented by Formula (4) in which X' repre-
sents a hydroxyl group, to react with a halogenating agent.
Regarding the halogenating agent used therein, any known
compound can be used, and examples thereof include thio-
nyl chloride, oxalyl chloride, phosphoryl chloride, sulfuryl
chloride, phosphorus trichloride, and phosphorus pentachlo-
ride.

There are no particular limitations on the kind of the base
used in the method M2, and the bases mentioned for the
method M1 may be used. Regarding the amount of use of the
base, an optimal amount is appropriately selected based on
the structure of the compound represented by Formula (1)
that is to be used, and the amount of use mentioned with
regard to the method M1, and the like may be used.

In the method M2, a solvent may be used, if necessary.
There are no particular limitations on the kind of the solvent
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used, and the solvents mentioned with regard to the method
M1 may be used. The amount of use of the solvent is also
as described above.

Furthermore, in the method M2, regarding the amount of
use of the compound represented by Formula (4), an optimal
amount is appropriately selected based on the structure of
the compound represented by Formula (1) that is to be used,
and the amount of use mentioned with regard to the method
M1, and the like may be used.

There are no particular limitations on the reaction condi-
tions for the method M2, and optimal conditions are selected
based on the compounds used.

Among them, from the viewpoint that the reaction pro-
ceeds more efficiently, the reaction temperature is preferably
-20° C. to 40° C., and more preferably —-10° C. to 30° C.
From the viewpoints of the product yield and productivity,
the reaction time is preferably 20 minutes to 8 hours, and

29 more preferably 30 minutes to 4 hours.

After the present step (Al), separation and purification
between the product and impurities (unreacted raw materi-
als, side products, and the like) may be carried out as
necessary, before Step (A2) that will be described below.

Separation and purification may be carried out by routine
methods, and examples thereof include an extraction opera-
tion using organic solvents, recrystallization, crystallization
using poor solvents, and column chromatography using

3o silica gel.

In the present specification, hereinafter, the above-de-
scribed treatments are simply referred to as “separation and
purification treatments”.

[Step (A2)]

Step (A2) is a step of producing 3.4,5-tricaffeoylquinic
acid by deprotecting the product obtained in Step (Al)
(compound represented by Formula (5-1)), as illustrated in
the following scheme. More specifically, Step (A2) is a step
of obtaining desired 3,4,5-tricaffeoylquinic acid by depro-
tection of the protective groups (a hydroxyl protective
group, a carboxyl protective group, a phenolic hydroxyl
protective group, —B(R?)}—, and the like) contained in the
compound represented by Formula (5-1).

40

45  In the present step, deprotection is intended to mean
detachment of groups that protect a hydroxyl group, a
phenolic hydroxyl group, and a carboxyl group in 3,4,5-

tricaffeoylquinic acid as described above.
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A compound represented by Formula (6) can be produced
by deprotecting the compound represented by Formula
(5-1).

This reaction may be carried out according to the methods
described in, for example, Protective Groups in Organic
Synthesis, 4% Ed., pp. 367-430, 2007, John Wiley & Sons,
Inc.

Preferred examples of the method for deprotection
include a method of using a nucleophilic agent (method
M3), and a method of using zinc dust (method M4). In the
following, the respective methods are described in detail.

(Method M3: Method of Using Nucleophilic Agent)

A compound represented by Formula (6) can be produced
by allowing a compound represented by Formula (5-1) to
react with a nucleophilic agent.

There are no particular limitations on the kind of the
nucleophilic agent used in this reaction; however, examples
thereof include lithium chloride, lithium bromide, lithium
iodide, trimethylsilyl iodide, trimethylsilyl chloride/sodium
iodide, sodium iodide, sodium dodecyl thiolate, sodium
hexadecyl thiolate, and disodium thioglycolate. Lithium
chloride, lithium chloride/sodium bromide, lithium chloride/
potassium bromide, lithium chloride/sodium iodide, lithium
chloride/potassium iodide, lithium bromide, and lithium
iodide are preferred, and lithium chloride/sodium bromide,
lithium chloride/sodium iodide, lithium bromide, and
lithium iodide are more preferred.

The amount of use of the nucleophilic agent is preferably
12 to 60 times, and more preferably 12 to 30 times, the molar
amount of the compound represented by Formula (5-1).

In this reaction, a solvent may be used as necessary.

The solvent used herein is not particularly limited as long
as the solvent does not affect the reaction; however,
examples thereof include nitriles, amides, and pyridines.
These solvents may be used as mixtures. Preferred examples
of the solvent include acetonitrile, propanenitrile, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methylpyr-
rolidone, dimethylimidazolidinone, picoline, lutidine, and
collidine.

The amount of use of the solvent is not particularly
limited; however, the amount of use is preferably 2 to 50
times (v/w), and more preferably 3 to 20 times (v/w), the
amount of the compound represented by Formula (5-1).

In this reaction, an acid may be added as necessary. When
an acid is added, side reactions are reduced, and the yield
can be increased.
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The amount of use of the acid is preferably 1 to 10 times,
and more preferably 3 to 6 times, the molar amount of the
compound represented by Formula (5-1), in view of having
no adverse influence on the deprotection reaction.

There are no particular limitations on the kind of the acid
as long as the acid does not affect the reaction; however,
examples thereof include hydrogen chloride, hydrogen bro-
mide, and hydrogen iodide. In the case of using a basic
solvent such as pyridine, the acid can also be added in the
form of a salt thereof.

The reaction conditions for the method M3 are not
particularly limited, and optimal conditions are selected
based on the compounds used. Among them, from the
viewpoint that the reaction proceeds more efficiently, the
reaction temperature is preferably 20° C. to 180° C., and
more preferably 60° C. to 150° C. From the viewpoints of
the product yield and productivity, the reaction time is
preferably 10 minutes to 12 hours, and more preferably 30
minutes to 5 hours.

(Method M4: Method of Using Zinc Dust)

A compound represented by Formula (6) can be produced
by allowing a compound represented by Formula (5-1) to
react with zinc dust.

In this reaction, a solvent may be used as necessary.

There are no particular limitations on the solvent used as
long as the solvent does not affect the reaction; however,
examples thereof include the solvents mentioned above with
regard to the method M1, and formic acid, acetic acid, and
propionic acid are preferred.

There are no particular limitations on the amount of use
of the solvent; however, the amount of use is preferably 3 to
50 times (v/w), and more preferably 4 to 30 times (v/w), the
amount of the compound represented by Formula (5-1).

There are no particular limitations on the amount of use
of the zinc dust used in this reaction; however, the amount
of use is preferably 10 to 60 times, and more preferably 12
to 30 times, the molar amount of the compound represented
by Formula (5-1).

There are no particular limitations on the reaction condi-
tions for the method M3, and optimal conditions are selected
based on the compounds used. Among them, from the
viewpoint that the reaction proceeds more efficiently, the
reaction temperature is preferably 10° C. to 100° C., and
more preferably 20° C. to 50° C. From the viewpoints of the
product yield and productivity, the reaction time is prefer-
ably 10 minutes to 12 hours, and more preferably 30 minutes
to 3 hours.

Meanwhile, when an alkenyl group is included among R*,
R® and R7, a method of performing deprotection using a
palladium catalyst may also be employed.

There are no particular limitations on the palladium
catalyst; however, examples thereof include palladium
acetate, tetrakis(triphenylphosphine)palladium, dichlorodi
(triphenylphosphine)palladium, and Pd—C. Palladium
acetate and tetrakis(triphenylphosphine)palladium are pre-
ferred, and tetrakis(triphenylphosphine)palladium is more
preferred.

The amount of use of the palladium catalyst is preferably
0.001 to 2 times, and more preferably 0.02 to 0.5 times, the
molar amount of the compound represented by Formula
(5-D.

Furthermore, for the present method, it is preferable to
incorporate a nucleophilic species that reacts with allyl
palladium. Examples of the nucleophilic species include
water, alcohols, and secondary amines. Preferred examples
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of the nucleophilic species include water, methanol, mor-
pholine, diethylamine, and piperidine, while morpholine is
more preferred.

The amount of use of the nucleophilic species is not
particularly limited; however, the amount of use is prefer-
ably 2 to 100 times, and more preferably 10 to 60 times, the
molar amount of the compound represented by Formula
(5-D).

There are no particular limitations on the reaction condi-
tions for the present method, and optimal conditions are
selected based on the compounds used. Among them, from
the viewpoint that the reaction proceeds more efficiently, the
reaction temperature is preferably 20° C. to 180° C., and
more preferably 10° C. to 50° C. From the viewpoints of the
product yield and productivity, the reaction time is prefer-
ably 10 minutes to 12 hours, and more preferably 30 minutes
to 5 hours.

Meanwhile, in Formula (5-1), when R! and R? are joined
together to form —B(R“)—, a treatment of bringing the
compound represented by Formula (5-1) into contact with an
acidic aqueous solution, and detaching —B(R“)—, may be
carried out as necessary, before the method M3 or the
method M4 is carried out.

Examples of the acid that is included in the acidic aqueous
solution used include phosphoric acid, hydrochloric acid,
and sulfuric acid.

The temperature of the acidic aqueous solution is not
particularly limited; however, from the viewpoint that the
reaction proceeds more efficiently, the temperature is pref-
erably 0° C. to 40° C., and more preferably 0° C. to 30° C.

There are no particular limitations on the time for the
reaction between the compound represented by Formula
(5-1) and the acidic aqueous solution; however, from the
viewpoints of the product yield and productivity, the reac-
tion time is preferably 1 minute to 30 minutes, and more
preferably 3 minutes to 10 minutes.

Meanwhile, the treatment for detaching —B(R“)— may
be carried out after the method M3 or the method M4 is
carried out.

Furthermore, the procedure of deprotection may be car-
ried out stepwise. More specifically, in a first stage, the
moieties represented by R® and R” may be deprotected, and
in a second stage, the moieties represented by R! and R may
be deprotected. Regarding the method for deprotection, any
known methods including the methods described above can
be employed. Regarding the method for deprotection in the
first stage, for example, a method of using a strong base such
as lithium hydroxide, or hydrazine can be employed.

After this Step (A2), a separation and purification treat-
ment for the product and impurities (unreacted raw materi-
als, side products, and the like) may be can ied out, if
necessary.

By carrying out Step (Al) and Step (A2), desired 3,4,5-
tricaffeoylquinic acid can be produced efficiently.

3,4,5-Tricaffeoylquinic acid can be used in various appli-
cations, and for example, since 3,4,5-tricaffeoylquinic acid
has a variety of physiological activities such as antitumor
action, antidiabetic action, antihypertensive action, antiviral
action, a skin brightening effect, and a disinfecting effect, the
applications include various medicines and quasi-medicines,
foods for specified health care, dietary supplements, and
cosmetic products.

A suitable embodiment of the compound represented by
Formula (1) described above is a compound represented by
Formula (1-1) or a salt thereof.
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In Formula (1-1), R'® represents an ar-C,_, alkyl group
which may be substituted, a formyl group, a C,_4 alkanoyl
group which may be substituted, an aroyl group which may
be substituted, a C,_, alkoxycarbonyl group which may be
substituted, an aryloxycarbonyl group which may be sub-
stituted, a C, 4 alkylsulfonyl group which may be substi-
tuted, or an arylsulfonyl group which may be substituted.

R?“ represents a C,_, alkyl group which may be substi-
tuted, a C,_¢ alkenyl group which may be substituted, an aryl
group which may be substituted, or an ar-C, ¢ alkyl group
which may be substituted.

The definitions of R?, R*, and R® are as described above.

R'“ is preferably a C,_4 alkoxycarbonyl group which may
be substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted, and
more preferably a C,_¢ alkoxycarbonyl group which may be
substituted with a halogen atom.

R?“ is preferably a C,_¢ alkyl group which may be sub-
stituted, or a C,_4 alkenyl group which may be substituted,
and more preferably a C, ¢ alkyl group which may be
substituted with a halogen atom.

The method for manufacturing the compound represented
by Formula (1) described above is not particularly limited,
and appropriate combinations of known methods can be
carried out. Among them, from the viewpoint of having
excellent productivity, it is preferable that the compound
represented by Formula (1) is produced by a method of using
quinic acid as a starting raw material as described below.

In the following, a suitable embodiment of the method for
manufacturing a compound represented by Formula (1) is
described in detail.

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (1) (1°%)]

In Formula (1), R' represents a hydrogen atom or a
hydroxyl protective group; R* represents a hydrogen atom or
a carboxyl protective group (provided that at least one of R*
and R? is not a hydrogen atom); and when all of R? to R are
hydrogen atoms, it is preferable that the compound repre-
sented by Formula (1) is produced by the following scheme.
Through the following method, the compound represented
by Formula (1) can be produced efficiently. However, when
R! is a hydrogen atom, (1a) can be produced by allowing the
following (A1) to react directly with (AS).

This method is suitable as a method for efficiently pro-
ducing a compound in which R' is a hydroxyl protective
group and R? is a carboxyl protective group.
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Meanwhile, in the formula, L' represents a leaving group.

Acetone

>( k
Oy,

5u
()

A compound represented by Formula (A2) can be pro-
duced by allowing quinic acid represented by Formula (A1)
to react with acetone in the presence of an acid.

This reaction may be carried out according to the method
described in Rohloff J. C., et al., J. Org. Chem., Vol. 63, pp.
4545-4550, 1998.

There are no particular limitations on the manufacturing
conditions for the present reaction; however, from the view-
point that the reaction proceeds efficiently, the reaction
temperature is preferably 20° C. to 60° C., and more
preferably 30° C. to 60° C., and the reaction time is
preferably 1 to 6 hours, and more preferably 2 to 5 hours.

After completion of the reaction, an alkali may be added
to the reaction mixture and neutralize the reaction mixture as
necessary, and then the separation and purification treatment
described above may be carried out.

A compound represented by Formula (A3) can be pro-
duced by allowing a compound represented by Formula
(A2) to react with a compound represented by Formula (A4).

The procedure of the present reaction can be carried out
according to the procedure described with regard to the Step
(A1) described above. For example, there is available a
method of allowing a compound represented by Formula
(A2) to react with an alkyl chlorofonnate represented by
formula: R'-L! in the presence of a base (preferably, tetram-
ethylethylenediamine), and obtaining a compound repre-
sented by Formula (A3).

The compound represented by Formula (1a) can be pro-
duced by allowing a compound represented by Formula
(A3) to react with a compound represented by Formula (A5)
in the presence of an acid catalyst.
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There are no particular limitations on the kind of the acid
used, and examples thereof include sulfuric acid, methane-
sulfonic acid, and toluenesulfonic acid. From the viewpoint
of being inexpensive and causing the reaction to proceed
more efficiently, sulfuric acid and methanesulfonic acid are
preferred.

The amount of use of the acid is not particularly limited;
however, from the viewpoint that the reaction proceeds more
efficiently, the amount of use is preferably 0.001 to 0.1
times, and more preferably 0.005 to 0.05 times, the molar
amount of the compound represented by Formula (A3).

The definition of R? in the compound represented by
Formula (A5) is as described above. Among them, from the
viewpoint that the present reaction proceeds efficiently, and
the subsequent deprotection is facilitated, R*OH is prefer-
ably methanol.

The amount of use of the compound represented by
Formula (A5) is not particularly limited; however, from the
viewpoint that the reaction proceeds more efficiently, the
amount of use is preferably 10 to 200 times, and more
preferably 20 to 100 times, the molar amount of the com-
pound represented by Formula (A3).

In the present reaction, a solvent may be used, if neces-
sary; however, usually, the compound represented by For-
mula (A5) is also used as a solvent.

There are no particular limitations on the manufacturing
conditions for the present reaction; however, from the view-
point of causing the reaction to proceed efficiently and
suppressing side reactions, the reaction temperature is pref-
erably 0° C. to 50° C., and more preferably 0° C. to 30° C.,
and the reaction time is preferably 1 to 8 hours, and more
preferably 1 to 5 hours.

Furthermore, regarding another method for obtaining a
compound represented by Formula (la), for example, a
method of allowing a compound represented by Formula
(A3) to react with a compound represented by Formula (A5)
in the presence of a base, subsequently bringing the product
thus obtained into contact with an acid, and thereby obtain-
ing a compound represented by Formula (la), may be
employed. In the present method, the compound represented
by Formula (1a) is synthesized by a two-stage treatment, and
thus the yield is higher.

Meanwhile, suitable examples of the base include inor-
ganic bases, metal alkoxides, and organic bases. Sodium
carbonate, potassium carbonate, sodium hydrogen carbon-
ate, sodium ethoxide, and sodium methoxide are preferred,
and sodium hydrogen carbonate and sodium methoxide are
more preferred.

Furthermore, examples of the acid include sulfuric acid;
sulfonic acids such as methanesulfonic acid and trifluo-
romethanesulfonic acid; carboxylic acids such as acetic acid
and trifluoroacetic acid; and hydrogen chloride (HCI). Sul-
furic acid, methanesulfonic acid, and hydrogen chloride are
preferred, and sulfuric acid and hydrogen chloride are more
preferred.

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (1) (29

In Formula (1), R' represents a hydrogen atom or a
hydroxyl protective group; R represents a hydrogen atom or
a carboxyl protective group (provided that at least one of R*
and R? is not a hydrogen atom); and when two of R? to R®
are hydrogen atoms, and the remaining group is a group
represented by Formula (3), it is preferable that the com-
pound represented by Formula (1) is produced by the
following scheme. Through the following method, the com-
pound represented by Formula (1) can be produced effi-
ciently.
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A compound represented by Formula (B1) can be pro-
duced by allowing a compound represented by Formula
(A3) to react with a compound represented by Formula (AS).

This reaction may be carried out according to the method
described in J. Org. Chem., Vol. 71, p. 5397, 2006.

In the present reaction, for example, the compound rep-
resented by Formula (B1) can be produced by allowing a
compound represented by Formula (A3) to react with a
compound represented by Formula (AS) under basic condi-
tions.

There are no particular limitations on the kind of the base
used to achieve basic conditions, and examples thereof
include sodium methoxide, anhydrous potassium carbonate,
and anhydrous sodium carbonate.

There are no particular limitations on the reaction condi-
tions for the present reaction; however, from the viewpoint
that the reaction proceeds efficiently, the reaction tempera-
ture is preferably 10° C. to 80° C., and more preferably 20°
C. to 50° C., and the reaction time is preferably 30 minutes
to 5 hours, and more preferably 45 minutes to 3 hours.

22

A compound represented by Formula (B2) can be pro-
duced by allowing a compound represented by Formula (B1)
to react with a compound represented by Formula (4).

The procedure of the present reaction may be carried out
according to the procedure of Step (Al) described above.

A compound represented by Formula (1b) can be pro-
duced by deprotecting a compound represented by Formula
(B2).

This reaction may be carried out according to the methods
described in Protective Groups in Organic Synthesis, 47 Ed.,
pp. 16-366, 2007, John Wiley & Sons, Inc.

Regarding a preferred method for deprotection, a method
of allowing a compound represented by Formula (B2) to
react with water under acidic conditions may be employed.

There are no particular limitations on the kind of the acid
used to achieve acidic conditions, and examples thereof
include acetic acid, phosphoric acid, hydrochloric acid, and
trifluoroacetic acid.

There are no particular limitations on the reaction condi-
tions for the present reaction; however, from the viewpoint
that the reaction proceeds efficiently, the reaction tempera-
ture is preferably 0° C. to 80° C., and more preferably 10°
C. to 60° C., and the reaction time is preferably 10 minutes
to 8 hours, and more preferably 30 minutes to 5 hours.

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (1) (37%)]

In Formula (1), R' represents a hydrogen atom or a
hydroxyl protective group; R represents a hydrogen atom or
a carboxyl protective group (provided that at least one of R*
and R? is not a hydrogen atom); and when one of R to R’
is a hydrogen atom, and the remaining groups are groups
represented by Formula (3), it is preferable that the com-
pound represented by Formula (1) is produced by the
following scheme. Through the following method, the com-
pound represented by Formula (1) can be produced effi-
ciently.
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A compound represented by Formula (C1) can be pro-
duced by deprotecting the compound represented by For-
mula (A3).

This reaction may be carried out according to the methods
described in Protective Groups in Organic Synthesis, 47 Ed.,
pp. 16-366, 2007, John Wiley & Sons, Inc.

Regarding a preferred method for deprotection, a method
of allowing a compound represented by Formula (A3) to
react with an acidic aqueous solution, may be employed.

There are no particular limitations on the kind of the acid
used in the acidic aqueous solution, and examples thereof
include acetic acid, hydrochloric acid, and trifluoroacetic
acid.

There are no particular limitations on the reaction condi-
tions for the present reaction; however, from the viewpoint
that the reaction proceeds efficiently, the reaction tempera-
ture is preferably 10° C. to 60° C., and more preferably 20°
C. to 50° C., and the reaction time is preferably 30 minutes
to 8 hours, and more preferably 1 to 5 hours.

A compound represented by Formula (C2) can be pro-
duced by allowing the compound represented by Formula
(C1) to react with the compound represented by Formula (4).

The procedure of the present reaction may be carried out
according to the procedure of Step (Al) described above.
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A compound represented by Formula (1c) can be pro-
duced by allowing the compound represented by Formula
(C2) to react with the compound represented by Formula
(A5).

Regarding the procedure of the present invention, the
method of allowing the compound represented by Formula
(A3) to react with a compound represented by Formula (AS),
which was described in the above section [Suitable embodi-
ment of method for manufacturing compound represented
by Formula (1) (2"%)], may be employed.

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (1) (4™)]

In Formula (1), when R' and R? are joined together to
form —B(R*)—, and all of R? to R® are hydrogen atoms, it
is preferable that the compound represented by Formula (1)
is produced by the following scheme. Through the following
method, the compound represented by Formula (1) can be
produced efficiently.

Ho,

Ré—B(OH),
_WOH

(A6)

HOmw-
OH

HO Y
(A1)

A compound represented by Formula (1d) can be pro-
duced by allowing a compound represented by Formula
(A1) to react with a compound represented by Formula (A6).

The definition of R* in the compound represented by
Formula (A6) is as described above. Among them, from the
viewpoint that the present reaction proceeds more efficiently,
R? is preferably a phenyl group.

The amount of use of the compound represented by
Formula (A6) is not particularly limited; however, from the
viewpoint that the reaction proceeds more efficiently, the
amount of use is preferably 0.95 to 1.05 times, and more
preferably 1.0 to 1.03 times, the molar amount of the
compound represented by Formula (Al).

If necessary, the present reaction may be carried out in the
presence of a dehydrating agent such as anhydrous sodium
sulfate or a molecular sieve. When a dehydrating agent is
used, the reaction proceeds more efficiently.

In the present reaction, a solvent may be used, if neces-
sary.

The solvent used therein is not particularly limited as long
as the solvent does not affect the reaction; however,
examples thereof include aliphatic hydrocarbons, haloge-
nated hydrocarbons, ethers, ketones, and esters. These sol-
vents may be used as mixtures. Preferred examples of the
solvent include ethyl acetate, toluene, and tetrahydrofuran.

The amount of use of the solvent is not particularly
limited; however, the amount of use is preferably 1 to 50
times (v/w), and more preferably 1 to 20 times (v/w), the
amount of the compound represented by Formula (A6).



US 9,475,752 B2

25

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (1) (5%)]

It is preferable that the compound represented by Formula
(1) is produced by the following scheme. Through the
following method, the compound represented by Formula
(1) can be produced efficiently.

(RECOY0
(A7)

BCORe
(E2)

A compound represented by Formula (E1) can be pro-
duced by allowing a compound represented by Formula (1d)
to react with a compound represented by Formula (A7).

In Formula (A7), R represents a halogenated alkyl
group, and examples thereof include a trifluoromethyl
group, a trichloromethyl group, and a monochloromethyl
group.

The present invention may be carried out in the presence
of a base, if necessary. When a base is present, the reaction
proceeds more efficiently, and the yield is increased. Regard-
ing the kind of the base used therein, the bases mentioned for
the method M1 described above, and the like may be used.

Furthermore, in the present reaction, a solvent may be
used, if necessary.

The solvent used therein is not particularly limited as long
as the solvent does not affect the reaction, and examples
thereof include the solvents mentioned for the method M1
described above, and the like.

Meanwhile, in the above-described embodiment, a so-
called acid anhydride is used as the compound represented
by Formula (A7); however, a compound represented by
Formula (8): R°COX? may also be used. X? therein repre-
sents a halogen atom.

A compound represented by Formula (E2) can be pro-
duced by protecting at least one of a hydroxyl group and a
carboxyl group in the compound represented by Formula
(ED).
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The method for protection is not particularly limited, and
for example, there is available a method of allowing a
chloroformic acid ester (CICOOR?) such as methyl chloro-
formate, ethyl chloroformate, or trichloroethyl chlorofor-
mate, to react with a compound represented by Formula
(E1). R represents an alkyl group which may be substituted
with a halogen atom. In a case in which the chloroformic
acid ester and the compound represented by Formula (E1)
are caused to react, R' in Formula (E2) represents —CO-
OR¥, and R? represents —R.

In the case of using a chloroformic acid ester, it is
preferable that the reaction is carried out in the presence of
the base described above, from the viewpoint that the
reaction proceeds more efficiently.

There are no particular limitations on the reaction condi-
tions in the case of using a chloroformic acid ester; however,
from the viewpoint that the reaction proceeds efficiently, the
reaction temperature is preferably -10° C. to 20° C., and
more preferably -5° C. to 10° C., and the reaction time is
preferably 30 minutes to 4 hours, and more preferably 1 to
3 hours.

Regarding a method other than the method of using a
chloroformic acid ester as described above, for example, the
methods mentioned in the section [Suitable embodiment of
method for manufacturing compound represented by For-
mula (1) (1°%)] described above may be employed.

A compound represented by Formula (la) can be pro-
duced by deprotecting the compound represented by For-
mula (E2).

This reaction may be carried out according to the methods
described in, for example, Protective Groups in Organic
Synthesis, 4” Ed., pp. 16-366, 2007, John Wiley & Sons,
Inc.

For example, a preferred example of the method for
deprotection in the case of using the above-described chlo-
roformic acid esters, is a method of allowing a compound
represented by Formula (E2) to react with water in the
presence of a base. The kinds of the base are as described
above.

[Suitable Embodiment of Method for Manufacturing
Compound Represented by Formula (4)]

The method for manufacturing the compound represented
by Formula (4) described above is not particularly limited,
and any known methods can be carried out in appropriate
combination. Among them, it is preferable that the com-
pound represented by Formula (4) is produced by the
following scheme, from the viewpoint of achieving excel-
lent productivity.

0
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A compound represented by Formula (F2) can be pro-
duced by protecting a compound represented by Formula
FD.

This reaction may be carried out according to the methods
described in, for example, W. Greene, et al., Protective
Groups in Organic Synthesis, 4 Ed., pp. 370-424, 2007,
John Wiley & Sons, Inc.

For example, a method of allowing a compound repre-
sented by Formula (F1) to react with an alkyl chloroformate
in the presence of a base may be employed.

A compound represented by Formula (F3) can be pro-
duced by allowing a compound represented by Formula (F2)
to react with a halogenating agent such as thionyl chloride,
thionyl bromide, phosphorus oxychloride, or oxalyl chlo-
ride.

The present reaction may be carried out according to the
method M2 described above.

When a compound represented by Formula (F3) is
obtained, a method of allowing a compound represented by
Formula (F2) to react with a halogenating agent, subse-
quently cooling the reaction liquid, and thereby precipitating
and collecting a compound represented by Formula (F3), is
available. When a compound represented by Formula (F3)
that is obtainable by the relevant method is used, the
above-described reaction between the compound repre-
sented by Formula (F3) and a compound represented by
Formula (1) or a compound represented by Formula (2)
proceeds more efficiently. Additionally, the purity of the
precipitated compound represented by Formula (F3) may be
increased, if necessary, by washing the compound with a
solvent.

Second Exemplary Embodiment

A second exemplary embodiment of the manufacturing
method of the invention includes Step (B1) of allowing a
compound represented by Formula (2) to react with a
compound represented by Formula (4), and producing a
compound represented by Formula (5-2); and Step (B2) of
deprotecting the product obtained in Step (B1), and produc-
ing 3.4,5-tricaffeoylquinic acid.

In the following, the compounds used in each step, and the
procedure of the steps are described in detail.

[Step (B1)]

Step (B1) is a step of allowing a compound represented by
Formula (2) to react with a compound represented by
Formula (4), and producing a compound represented by
Formula (5-2), as illustrated in the following scheme.

First, the compounds used in the present step are
described in detail.
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In Formula (2), the definitions of R® to R are as described
above.

Y represents *,—OR”. R” either does not exist, or rep-
resents a hydrogen atom. In a case in which R? does not
exist, Y represents —O—, and one of the direct bonds is
bonded to a carbon atom represented by C1, and the other
direct bond is bonded to M that will be described below.

Meanwhile, *, represents the position of bonding to the
carbon atom represented by Cl. The carbon atom repre-
sented by C1 is intended to mean a carbon atom represented
by a white arrow in the above scheme.

M represents a boron atom, a silicon atom, a divalent
metal ion, or a trivalent metal ion. Examples of the divalent
metal ion include a calcium ion, a magnesium ion, a zinc ion,
an iron ion, a cobalt ion, a chromium ion, a copper ion, and
a nickel ion. Furthermore, examples of a trivalent metal ion
include an iron ion and an aluminum ion.

Among them, from the viewpoint that excellent adapt-
ability to synthesis of the compound represented by Formula
(2) is obtained, and the reaction proceeds more efficiently, a
boron atom, a calcium ion, a magnesium ion, and a zinc ion
are preferred, and a boron atom and a zinc ion are more
preferred.

A either does not exist, or represents a monovalent cation.

Examples of the monovalent cation include alkali metal
ions. Among them, from the viewpoint that excellent adapt-
ability to synthesis of the compound represented by Formula
(2) is obtained, and isolation is achieved easily, a potassium
ion and a sodium ion are preferred.

m represents an integer of 2 or 3. Incidentally, in varies
depending on the kind of M.

As a first embodiment, when M is a boron atom, in
represents 2, and A represents a monovalent cation. As a
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second embodiment, when M is a silicon atom, m represents
2, and A does not exist. As a third embodiment, when M is
a divalent metal ion, m represents 2, and A does not exist. As
a fourth embodiment, when M is a trivalent metal ion, m
represents 3, and A does not exist. The respective embodi-
ments are illustrated in the following structural formulas. In
the following, the compound represented by Formula (2-1)
corresponds to the first embodiment; the compound repre-
sented by Formula (2-2) corresponds to the second embodi-
ment; the compound represented by Formula (2-3) corre-
sponds to the third embodiment; and the compound
represented by Formula (2-4) corresponds to the fourth
embodiment.
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The definition of the compound represented by Formula

(4) used in Step (B1) is as described above.

Additionally, Step (B1) may be carried out according to
the method mentioned in Step (Al) described above.
5 [Step (B2)]

Step (B2) is a step of deprotecting the product obtained in
Step (B1) (compound represented by Formula (5-2)), and
producing 3.4,5-tricaffeoylquinic acid, as illustrated in the
following scheme. More specifically, Step (B2) is a step of
detaching the protective groups contained in the compound
represented by Formula (5-2) (a phenolic hydroxyl protec-
tive group and the like), and obtaining desired 3,4,5-tri-
caffeoylquinic acid.

The term deprotection as used in the present step is
intended to mean detachment of the groups that protect a
hydroxyl group, a phenolic hydroxyl group, and a carboxyl
group in 3,4,5-tricaffeoylquinic acid as described above.
Therefore, detaching the moiety represented by M is also
included in the term deprotection.
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A compound represented by Formula (6) can be produced
by deprotecting the compound represented by Formula
(5-2).

This reaction may be carried out according to the methods

65 described in, for example, Protective Groups in Organic
Synthesis, 47 Ed., pp. 367-430, 2007, John Wiley & Sons,
Inc.
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The present reaction may be carried out according to the
method mentioned in Step (A2) described above.

Regarding a suitable embodiment of Step (B2), as illus-
trated in the following scheme, a method of producing a
compound represented by Formula (5-3) from a compound
represented by Formula (5-2), subsequently deprotecting the
compound represented by Formula (5-3), and thereby pro-
ducing a compound represented by Formula (6) may be

ciently.

Q
0 y
[¢] Ol ““‘“\Y
/ \ MA —
R’ O

(¢-3)

5

e
! 0 = o N’ /R6
employed. According to the following scheme, a compound O 7 O —_—
represented by Formula (6) can be produced more effi- R7 o
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The method for manufacturing a compound represented
by Formula (5-3) from a compound represented by Formula
(5-2) is not particularly limited; however, from the view-
point of obtaining the compound represented by Formula
(5-3) efficiently, a method of bringing the compound repre-
sented by Formula (5-2) into contact with an acidic aqueous
solution or an aqueous solution of a chelating agent may be
employed.

There are no particular limitations on the kind of the acid
included in the acidic aqueous solution; however, examples
thereof include phosphoric acid, hydrochloric acid, and
sulfuric acid.

Furthermore, examples of the chelating agent included in
the aqueous solution of a chelating agent include EDTA
(Ethylenediamine tetraacetic acid) and PDTA (1,3-Propane-
diamine tetraacetic acid).

The temperature of the acidic aqueous solution and the
aqueous solution of a chelating agent is not particularly
limited; however, from the viewpoint that the reaction
proceeds more efficiently, the temperature is preferably 0° C.
to 40° C., and more preferably 10° C. to 30° C.

The time for the reaction between the compound repre-
sented by Formula (5-2) or the acidic aqueous solution and
the aqueous solution of a chelating agent is not particularly
limited; however, the reaction time is preferably 1 minute to
1 hour, and more preferably 3 minutes to 30 minutes, from
the viewpoints of the product yield and productivity.

The compound represented by Formula (6) can be pro-

duced by deprotecting the compound represented by For-
mula (5-3).
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This reaction may be carried out according to the methods
described in, for example, Protective Groups in Organic
Synthesis, 4% Ed., pp. 367-430, 2007, John Wiley & Sons,
Inc.

The present reaction may be carried out according to the
method mentioned in Step (A2) described above.

The method for manufacturing the compound represented
by Formula (2) is not particularly limited, and any known
methods can be carried out in appropriate combination.
Among them, it is preferable that the compound represented
by Formula (2) is produced by a method of using quinic acid
as a starting raw material, in view of obtaining excellent
productivity.

An example of the method for manufacturing the com-
pound represented by Formula (2-1) is a method of allowing
quinic acid to react with boric acid in the presence of a base.
At that time, a cation exists, and the kind of the cation varies
depending on the kind of the base used.

Furthermore, regarding a general method for manufactur-
ing the compounds represented by formulas (2-1) to (2-4), a
method of allowing equimolar amounts of quinic acid and
boric acid or a derivative, a tetraalkoxysilane, or various
metal ions to react with each other in water or methanol at
room temperature to 50° C., and after the reaction, distilling
off the solvent under reduced pressure, may be employed.

After completion of the reactions of each step and each
method described above, isolation and purification can be
carried out, if necessary, by the separation and purification
treatment described above. Also, the compounds obtainable
by each step and each method may be used directly in the
subsequent reactions without isolating the compounds.

EXAMPLES

Hereinafter, the invention will be described in detail by
way of Examples; however, the invention is not intended to
be limited by these Examples.

'H-NMR spectra were analyzed using tetramethylsilane
as an internal reference, and using a Bruker AV300 (manu-
factured by Bruker Corp.).

In the Examples, Me means methyl.

Synthesis Example 1

Synthesis of (1A)

H;COCO, CO,CH;

HOY OH

)(o
O,

Ol

>
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5 mL of sulfuric acid was added dropwise under stirring
to a mixture of 100 g of quinic acid, 500 g of anhydrous
sodium sulfate, and 2500 mL of acetone, and the mixture
was heated to reflux for 5 hours. After the mixture was left
to cool naturally, 200 mL of a 5% aqueous solution of
sodium hydrogen carbonate was added dropwise thereto to
neutralize sulfuric acid, and the solvent was distilled off
under reduced pressure. 1500 mL of ethyl acetate was added
to the residue, and the mixture was washed with a 5%
aqueous solution of sodium hydrogen carbonate and then
with a saline solution. Subsequently, the mixture was dried
over anhydrous magnesium sulfate, and ethyl acetate was
distilled off under reduced pressure. Thus, 104 g of 3,4-O-
isopropylidene-1,5-quinide lactone was obtained.

11.6 mL of methyl chloroformate was added dropwise to
a mixture of 21.4 g of 3,4-O-isopropylidene-1,5-quinide
lactone, 80 mL of pyridine, and 100 mL of methylene
chloride under ice cooling at 0° C. to 5° C. After the mixture
was stirred for 1 hour at 5° C., 11.6 mL of methyl chloro-
formate was further added dropwise to the mixture under ice
cooling, and the resulting mixture was stirred for 2 hours at
5° C. The reaction liquid was poured into 1 L of cold dilute
hydrochloric acid, 300 ml of ethyl acetate was added
thereto, and an organic layer was partitioned. The organic
layer was washed with a saline solution and dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was recrystallized
from hexane/isopropanol, and thus 18.5 g of white crystals
of 1-carbomethoxy-3,4-O-isopropylidene-1,5-quinide lac-
tone were obtained.

Five droplets of methanesulfonic acid were added to a
mixture of 5.44 g of the white crystals thus obtained and 200
mL of methanol, and the mixture was heated and stirred for
5 hours at 60° C. The solvent was distilled off under reduced
pressure, 100 mL of ethyl acetate and 2.0 g of sodium
hydrogen carbonate were added to the residue, and the
mixture was stirred for 30 minutes at room temperature.
Subsequently, insoluble materials were separated off by
filtration, and the solvent was distilled off from the filtrate
under reduced pressure. The residue was recrystallized from
hexane/ethyl acetate, and thus 4.5 g of white crystals of 1A
were obtained. The 'H-NMR spectrum of 1A (solvent:
CDCl,) is presented in FIG. 1.

Synthesis Example 2

Synthesis of (1B)

Quinic Acid ——

A mixture of 5.76 g of quinic acid, 3.65 g of phenylboric
acid, 30 g of anhydrous sodium sulfate, and 100 mL of
tetrahydrofuran was heated to reflux for 5 hours. After the
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mixture was left to cool naturally, sodium sulfate was
separated off by filtration, the solvent was distilled off from
the filtrate under reduced pressure, and thus 7.3 g of a white
solid of 1B was obtained. The "H-NMR spectrum of 1B
(solvent: DMSO-dy) is presented in FIG. 2.

Synthesis Example 3

Synthesis of (1C)

S

CF;CO

OCOCF;

CF5C0,
CCl3CHL,0C0,

CO,CH,CCly

CFcoM” OCOCF;
CF5C0,
CCLCH,0C0,  CO,CHLCCls

28 mL of trifluoroacetic anhydride was added dropwise to
a mixture of 1B (13.9 g) synthesized in Synthesis Example
2, 80 mL of pyridine, and 60 mL of methylene chloride at 0°
C. to 3° C. After the mixture was stirred for 2 hours at 5° C.
to 10° C., the mixture was poured into cold dilute hydro-
chloric acid, and extraction was performed using ethyl
acetate. The extract was washed with a saline solution, and
then dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. 40 mlL. of
pyridine and 40 mL. of methylene chloride were added to the
residue, and under ice cooling, 26.8 mL of trichloroethyl
chloroformate was added dropwise to the mixture at 0° C. to
5° C. The resulting mixture was further stirred for 2 hours
at 10° C. to 15° C. The reaction liquid was poured into cold
dilute hydrochloric acid, and extraction was performed
using ethyl acetate. The organic layer was washed with a
saline solution and dried over anhydrous magnesium sulfate,
and then the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column chromatog-
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raphy (eluent: ethyl acetate/n-hexane), and thus 21.3 g of
trichloroethyl 1-trichlorocarboethoxy-3,4,5-O-tris(trifluoro-
acetyl)quinate was obtained.

Trichloroethyl 1-trichlorocarboethoxy-3,4,5-O-tris(trif-
luoroacetyl)quinate was dissolved in 200 mL of methanol,
25 g of potassium hydrogen carbonate was added thereto,
and the mixture was stirred for 3 hours at 0° C. to 5° C.
Inorganic materials were separated off by filtration, and then
the solvent was distilled off under reduced pressure. 50 mL
of water and 200 mL of ethyl acetate were added to the
residue, and an organic layer was separated off. The organic
layer was dried over anhydrous magnesium sulfate, subse-
quently ethyl acetate was distilled off under reduced pres-
sure, and the residue was recrystallized from hexane/ethyl
acetate. Thus, 9.1 g of white crystals of 1C were obtained.

Synthesis Example 4

Synthesis of (1D)

Quinic Acid ——

HO\\\\“.

OH

Ol
jus)

1D

A mixture of 3.84 g of quinic acid, 0.62 g of boric acid,
and 10 mL of a 1 N aqueous solution of potassium hydroxide
was stirred for 30 minutes at room temperature, and then
water was distilled off under reduced pressure. Furthermore,
while the mixture was heated to 80° C. by an external heat
source, water was completely removed by maintaining a
reduced pressure for 3 hours using a vacuum pump. Thus,
4.2 g of a boric acid chelate compound of quinic acid (1D)
was obtained. The '‘H-NMR spectrum of 1D (solvent:
DMSO-dy) is presented in FIG. 3.

Synthesis Example 5

Synthesis of (1E)
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-continued

CClLCH,0C0—0,

CCLCH,0C0—0Q,

35.0 g of trichloroethyl chloroformate was added drop-
wise to a mixture of 32.1 g of 3,4-O-isopropylidene-1,5-
quinide lactone, 30 mL of pyridine, and 200 mL of meth-
ylene chloride under ice cooling at 0° C. to 5° C. The
mixture was stirred for 1 hour at 5° C., and then was stirred
for 2 hours at room temperature. The reaction liquid was
poured into 1 L of cold dilute hydrochloric acid, 500 mL of
ethyl acetate was added thereto, and an organic layer was
partitioned. The organic layer was washed with a saline
solution and then was dried over anhydrous magnesium
sulfate, and the solvent was distilled off under reduced
pressure. Thus, 57.1 g of a white solid of 1-trichlorocar-
boethoxy-3,4-O-isopropylidene-1,5-quinide lactone was
obtained.

Five droplets of methanesulfonic acid were added to a
mixture of 3.9 g of the white solid thus obtained and 40 mL
of methanol, and the mixture was heated and stirred for 5
hours at 50° C. After the mixture was left to cool naturally,
the solvent was distilled off under reduced pressure. 100 mL
of ethyl acetate and 2.0 g of sodium hydrogen carbonate
were added to the residue, and the mixture was stirred for 30
minutes at room temperature. Subsequently, insoluble mate-
rials were separated off by filtration, and the solvent was
distilled off from the filtrate under reduced pressure. The
residue was recrystallized from hexane/ethanol, and thus 2.9
g of white crystals of 1E were obtained. The 'H-NMR
spectrum of 1E (solvent: CDCl,) is presented in FIG. 4.

Synthesis Example 6

Synthesis of (4A)

CO,H

CO,H
H;COCO,

H;COC0,
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-continued
COCL

H;COCO,

H;C0CO,

36 g of caffeic acid was dissolved in 400 mL of a 5%
aqueous solution of sodium hydroxide, and under a nitrogen
gas stream, 69 ml of methyl chloroformate was added
dropwise thereto at 0° C. to 3° C. After the mixture was
stirred for 1 hour at 5° C. to 10° C., a white solid was
collected by filtration and was washed with water. Subse-
quently, the white solid was recrystallized from hexane/
isopropanol, and thus 52.2 g of dicarbomethoxycaffeic acid
was obtained.

2.1 mL of oxalyl chloride was added to a mixture of 2.96
g of dicarbomethoxycaffeic acid and 20 mL of toluene, and
the mixture was heated and stirred for 2 hours at 60° C. After
the mixture was left to cool naturally, the solvent and any
excess oxalyl chloride were distilled off under reduced
pressure. Thus, 3.1 g of a white solid of 4A was obtained.

Synthesis Example 7

Synthesis of (4B)

CO,H

CO,H
CCLCH,0C0,

CCL3;CH,0C0,
cocl

CCl1;CH,0C0,

CCLCH,0C0,
4B

3.6 g of caffeic acid was dissolved in 40 mL of a 10%
aqueous solution of sodium hydroxide, and under a nitrogen
gas stream, 12.7 g of trichloroethyl chloroformate was added
dropwise thereto at 0° C. to 5° C. After being stirred for 1
hour at 5° C. to 10° C., the reaction liquid was poured into
cold dilute hydrochloric acid, and a white precipitate thus
produced was collected by filtration and was recrystallized
from isopropanol. Thus, 3.8 g of dicarbotrichloroethoxycat-
feic acid was obtained.

30 mL of toluene and 2.5 ml of oxalyl chloride were
added to the dicarbotrichloroethoxycaffeic acid thus
obtained, and the mixture was heated and stirred for 2 hours
at 45° C. to 50° C. After the mixture was left to cool
naturally, the solvent and any excess oxalyl chloride were
distilled off under reduced pressure, and thus 3.9 g of a white
solid of 4B was obtained.
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Synthesis Example 8

Synthesis of (4C)

/ CO,H
HO
—_—
OH
/ CO,H
O —_—
A
/ cocl
0
A
4c

6.42 g of diphenyl carbonate was added to a mixture of
3.6 g of caffeic acid, 5 mL of triethylamine, and 10 mL of
dimethylacetamide at room temperature, and the mixture
was heated and stirred for 3 hours at 45° C. to 50° C. The
reaction liquid was poured into cold dilute hydrochloric
acid, and a white precipitate thus produced was collected by
filtration and washed with water. Subsequently, the precipi-
tate was recrystallized from acetone/acetic acid, and thus 2.9
g of white crystals of 3,4-carbonyldioxycinnamic acid were
obtained.

2.1 mL of oxalyl chloride was added to a mixture of 2.06
g of the 3,4-carbonyldioxycinnamic acid thus obtained and
50 mL of toluene, and the mixture was heated and stirred for
3 hours at 60° C. After the mixture was left to cool naturally,
the solvent was distilled off under reduced pressure, and thus
2.2 g of a white solid of 4C was obtained.

Synthesis Example 9

Synthesis of Compound (2)

H3coco2 H;C0C0;, CO,CH;
4A
—_— —_—
o“‘\ Oo“" , OH
5 )TG
H3coco2 CO,CH;
é\ 0CO,CH;
ol
(3
0CO,CH;
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H;COC0,  CO,CH;
O

P 0CO,CH;

o™ - (0]

fio
0CO,CH;
2

1.38 g of anhydrous potassium carbonate was added to a
mixture of 2.72 g of 1-carbomethoxy-3,4-O-isopropylidene-
1,5-quinide lactone synthesized in Synthesis Example 1 and
100 mL of methanol, and the mixture was stirred for 2 hours
at room temperature. Inorganic materials were separated off
by filtration, and then methanol was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/n-hexane),
and thus 2.3 g of methyl 1-carbomethoxy-3,4-O-isopropy-
lidenequinate was obtained.

4A (2.4 g) synthesized in Synthesis Example 4 was added
in small amounts to a mixture of 1.52 g of methyl 1-car-
bomethoxy-3,4-O-isopropylidenequinate, 2 mL of pyridine,
and 20 mL of methylene chloride at -5° C. to 0° C. After
being stirred for 3 hours at 0° C. to 5° C., the reaction liquid
was poured into cold dilute hydrochloric acid, and extraction
was performed using ethyl acetate. The extract was washed
with a saline solution, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/n-
hexane), and thus 2.6 g of methyl 1-carbomethoxy-3,4-O-
isopropylidene-5-(3,4-dicarbomethoxycaffeoyl)quinate was
obtained. The "H-NMR spectrum (solvent: DMSO-d) is
presented in FIG. 5.

30 mL of trifluoroacetic acid and 5 mL of water were
added to 1.5 g of methyl 1-carbomethoxy-3,4-O-isopropy-
lidene-5-(3,4-dicarbomethoxycaffeoyl)quinate, and the mix-
ture was stirred for 3 hours at room temperature. Subse-
quently, the solvent was distilled off under reduced pressure,
and the residue was washed with water. Thus, 1.8 g of
compound (2) was obtained.

Synthesis Example 10

Synthesis of Compound (3)

(0]
H3;COCO, H3COCO,

4A

O O
O\“& T Ho\\““.
)Té ou



US 9,475,752 B2

-continued
H;COCO,
Q o)
H;COCO -
3 2 AN o :
0 )
H;COCO, ,
7
H;COCO5
0CO,CH;
H;COCO, ,LCO,CH;
O
H;COC0,
AN ov ; Ol
o) 0
H;COCO5
H;COCO5
0CO,CH;

3

A mixture of 5.0 g of 1-carbomethoxy-3,4-O-isopropy-
lidene-1,5-quinide lactone synthesized in Synthesis

H;C0C0, CO,CH;
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Example 1, 25 mL of acetic acid, and 25 mL of water was
heated and stirred for 7 hours at 65° C. to 70° C. After the
mixture was left to cool naturally, the solvent was distilled
off under reduced pressure, and the residue was recrystal-
lized from hexane/isopropanol. Thus, 2.6 g of 1-car-
bomethoxy-1,5-quinide lactone was obtained.

4A (9.4 g) was added in small amounts to a mixture of
2.32 g of 1-carbomethoxy-1,5-quinide lactone, 4 mL of
pyridine, and 40 mL of methylene chloride at -5° C. to 0°
C. The mixture was stirred for 5 hours at 0° C. to 5° C.,
subsequently the reaction liquid was poured into cold dilute
hydrochloric acid, and extraction was performed using ethyl
acetate. The extract was washed with a saline solution and
dried over anhydrous magnesium sulfate, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
ethyl acetate/n-hexane), and thus 6.3 g of 1-carbomethoxy-
3,4-bis(3,4-dicarbomethoxycaffeoyl)-1,5-quinide  lactone
was obtained. The ‘H-NMR spectrum (solvent: DMSO-d6)
is presented in FIG. 6.

Five droplets of methanesulfonic acid were added to a
mixture of 3.9 g of 1-carbomethoxy-3,4-bis(3,4-dicar-
bomethoxycaffeoyl)-1,5-quinide lactone and 100 mL of
methanol, and the mixture was stirred for 10 hours at room
temperature. The solvent was distilled off under reduced
pressure, ethyl acetate was added to the residue, and the
mixture was washed with a 2% aqueous solution of sodium
hydrogen carbonate and a saline solution. Subsequently, the
residue was dried over anhydrous magnesium sulfate, and
the solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(eluent: ethyl acetate/n-hexane), and thus 3.1 g of compound
(3) was obtained.

Synthesis Example 11

Synthesis of 3,4,5-tricaffeoylquinic acid (1°)

4A
—_—
o™ N Ol
oH
1A
H;COCO, CO,CH;
0
O\\““ v O
) 0 0CO,CH; —>
x 0
H;COCO5 = 0CO,CH;
0C0O,CH;
0C0O,CH;

OCO,CH;
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H
o o
AN 0
HO Z
OH
OH
OH
TCQA

4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1A (1.32 g) synthesized as
described above, 2.5 mL of pyridine, and 35 mL of meth-
ylene chloride at —5° C. to 0° C. The mixture was stirred for
1 hour at -5° C. to 0° C. and for 5 hours at 0° C. to 5° C.,
and then the reaction liquid was poured into cold dilute
hydrochloric acid. Ethyl acetate was added to the reaction
liquid, and an organic layer was extracted. The organic layer
was washed with a saline solution and dried over anhydrous
magnesium sulfate, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/n-
hexane), and thus 3.8 g of methyl 1-carbomethoxy-3.4,5-
tris(3,4-dicarbomethoxycaffeoyl)quinate was obtained. The
'H-NMR spectrum (solvent: CDCl,) is presented in FIG. 7.

A mixture of 2.2 g of methyl 1-carbomethoxy-3,4,5-tris
(3,4-dicarbomethoxycaffeoyl)quinate, 6.8 g of anhydrous

H;3COCO5

0CO,CH;
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OH

OH

lithium chloride, and 30 mL of pyridine was heated to reflux
for 3 hours, subsequently 1.34 g of anhydrous lithium iodide
was added thereto, and the resulting mixture was heated to
reflux for 2 hours. After the mixture was left to cool
naturally, the solvent was distilled off under reduced pres-
sure, and the residue was purified by silica gel column
chromatography (eluent: ethyl acetate/n-hexane) and ODS
column chromatography. Thus, 0.8 g of 3,4,5-tricaffeoylqui-
nic acid (TCQA) was obtained. The 'H-NMR spectrum
(solvent: DMSO-dy) is presented in FIG. 8.

Synthesis Example 12

Synthesis of 3,4,5-tricaffeoylquinic acid (2"9)

0COo,CcH, — TCQA

0 0

0CO,CH;

0CO,CH;

0OCO,CH;
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4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1B (1.39 g) synthesized as
described above, 2.5 mL of pyridine, and 35 mL of meth-
ylene chloride at —5° C. to 0° C. The mixture was stirred for
1 hour at =5° C. to 0° C., for 3 hours at 0° C. to 5° C., and
for 3 hours at 5° C. to 10° C., and then the reaction liquid
was poured into cold dilute hydrochloric acid. Ethyl acetate
was added thereto, and an organic layer was partitioned. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 1.4 g of 3,4,5-tris(3,4-dicar-
bomethoxycaffeoyl)quinic acid was obtained. The 'H-NMR
spectrum (solvent: DMSO-dy) is presented in FIG. 9.

A mixture of 1.1 g of 3,4,5-tris(3,4-dicarbomethoxy- 13

caffeoyl)quinic acid, 3.2 g of anhydrous lithium chloride,
and 30 mL of pyridine was heated to reflux for 3 hours. After
the mixture was left to cool naturally, the solvent was
distilled off under reduced pressure, and the residue was

purified by silica gel column chromatography (eluent: ethyl 20

acetate/n-hexane), and thus 0.4 g of 3,4,5-tricaffeoylquinic
acid (TCQA) was obtained.

25

Synthesis Example 13

Synthesis of 3,4,5-tricaffeoylquinic acid (3%

CL,CCH,0C0, CO,CH,CCl;

,

4B

HON N OH

CL,CCH,0C0, CO,CH,CCly

Cnn

CL,CCH,0CO;

OCO,CH,CCly

0CO,CH,CCl3

OCO,CH,CCls

10

0
o™ N 0
0 0CO,CH,CCl;
AN 0
=4 OCO,CH,CCly
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4B (11.0 g) synthesized as described above was added in
small amounts to a mixture of 1C (2.5 g) synthesized as
described above, 2.5 mL of pyridine, and 40 mL of meth-
ylene chloride at —5° C. to 0° C. The mixture was stirred for
5 hours at 0° C. to 5° C., and then the reaction liquid was
poured into cold dilute hydrochloric acid. Ethyl acetate was
added thereto, and an organic layer was partitioned. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 4.9 g of trichloroethyl 1-car-
botrichloroethoxy-3,4,5-tris(3,4-dicarbotrichloroethoxy-
caffeoyl)quinate was obtained.

5.0 g of zinc dust was added under stirring to a mixture
of 4.0 g of trichloroethyl 1-carbotrichloroethoxy-3,4,5-tris
(3,4-dicarbotrichloroethoxycaffeoyl)quinate, 30 mL of ace-
tic acid, and 30 mL of tetrahydrofuran, and the mixture was
heated and stirred for 8 hours at 35° C. to 40° C. Inorganic
materials were separated off by filtration, and the inorganic
materials were washed with 20 mL of methanol. The filtrate
and the washing liquid were combined, and the solvent was
distilled off under reduced pressure. 30 mL of water was
added to the residue, and the solvent was distilled off again
under reduced pressure. The residue was purified by ODS
column chromatography, and thus 0.9 g of 3.4,5-tri-
caffeoylquinic acid (TCQA) was obtained.

—  TCQA



US 9,475,752 B2

47
Synthesis Example 14

Synthesis of 3,4,5-tricaffeoylquinic acid (4”)

0
) 0
AN 0
H,COCO5 7
OCO,CH;
0CO,CH;
0CO,CH;

4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1D (0.83 g) synthesized as
described above, 2 mL of pyridine, and 40 mL of dimeth-
ylformamide at -5° C. to 0° C. The mixture was stirred for
1 hour at =5° C. to 0° C., for 3 hours at 0° C. to 5° C., and
for 3 hours at 5° C. to 10° C., and then the reaction liquid
was poured into cold dilute hydrochloric acid. Ethyl acetate
was added thereto, and an organic layer was extracted. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 0.25 g of 3,4,5-tris(3,4-dicar-
bomethoxycaffeoyl)quinic acid was obtained.

CLLCCH,0C0, ,CO,CH;

4A

OH

45

50
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0CO,CH;
—  TCQA

0CO,CH;

A mixture of 0.25 g of 3,4,5-tris(3,4-dicarbomethoxy-
caffeoyl)quinic acid, 1.2 g of anhydrous lithium chloride,
and 10 mL of pyridine was heated to reflux for 4 hours. After
the mixture was left to cool naturally, the solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography (eluent: ethyl
acetate/n-hexane). Thus, 70 mg of 3.4,5-tricaffeoylquinic
acid (TCQA) was obtained.

Synthesis Example 15

Synthesis of 3,4,5-tricaffeoylquinic acid (5%)
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CLCCH,0C0, CO,CH;

Z,

o\““; ;
0
A 0
H,COCO; 7
0CO,CH;
0C0,CH;
0OCO,CH;

4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1E (1.91 g) synthesized as
described above, 2 mL of pyridine, and 30 mL of methylene
chloride at —5° C. to 0° C. The mixture was stirred for 1 hour
at =5° C.to 0° C., and for 5 hours at 0° C. to 5° C., and then
the reaction liquid was poured into cold dilute hydrochloric
acid. Ethyl acetate was added thereto, and an organic layer
was partitioned. The organic layer was washed with a saline
solution and dried over anhydrous magnesium sulfate, and
then the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (eluent: ethyl acetate/n-hexane), and thus 3.7 g of
methyl 1-trichlorocarboethoxy-3,4,5-tris(3,4-dicar-
bomethoxycaffeoyl)quinate was obtained.

4.0 g of zinc dust was added under stirring to a mixture
of 2.4 g of methyl 1-trichlorocarboethoxy-3,4,5-tris(3,4-
dicarbomethoxycaffeoyl)quinate, 20 mL of acetic acid, and
20 mL of tetrahydrofuran, and the mixture was heated and
stirred for 5 hours at 35° C. to 40° C. Inorganic materials
were separated off by filtration, and the inorganic materials
were washed with methanol. The filtrate and the washing
liquid were combined, and the solvent was distilled off under
reduced pressure. 8.7 g of anhydrous lithium bromide and 40
ml, of pyridine were added to the residue, and the mixture
was heated to reflux for 4 hours. After the mixture was left
to cool naturally, the solvent was distilled off under reduced
pressure, and the residue was purified by silica gel column
chromatography (eluent: ethyl acetate/n-hexane). Thus, 0.7
g of 3,4, 5-tricaffeoylquinic acid (TCQA) was obtained.

Synthesis Example 16

Synthesis of 3,4,5-tricaffeoylquinic acid (6”)
H;COCO, CO,CH;
HOY N Yo

4A

0CO,CH;

0CO,CH;

TCQA

0

(o)

o) 0CO,CH;
0CO,CH;
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4A (2.8 g) synthesized as described above was added in
small amounts to a mixture of 1.0 g of the compound (2)
synthesized as described above, 2 mL of pyridine, and 20
mL of methylene chloride at —5° C. to 0° C. The mixture was
stirred for 1 hour at -5° C. to 0° C. and for 5 hours at 0° C.
to 5° C., and then the reaction liquid was poured into cold
dilute hydrochloric acid. Ethyl acetate was added thereto,
and an organic layer was partitioned. The organic layer was
washed with a saline solution and dried over anhydrous
magnesium sulfate, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/n-
hexane), and thus 1.8 g of methyl 1-carbomethoxy-3.4,5-
tris(3,4-dicarbomethoxycaffeoyl)quinate was obtained.

Deprotection was carried out by the same method as that
of Synthesis Example 11, and thus 0.8 g of 3,4,5-tri-
caffeoylquinic acid (TCQA) was obtained.

Synthesis Example 17

Synthesis of 3,4,5-tricaffeoylquinic acid (7)

H;C0C0, CO,CH;

-

o OH

Ol
o)

H;COCO;
4A
0CO,CH;

0CO,CH;
OCO,CH;

TCQA

4A (2.5 g) synthesized as described above was added in
small amounts to a mixture of 1.5 g of the compound (3)
synthesized as described above, 2 mL of pyridine, and 25
mL of methylene chloride at —5° C. to 0° C. The mixture was
stirred for 1 hour at -5° C. to 0° C. and for 5 hours at 0° C.
to 5° C., and then the reaction liquid was poured into cold
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dilute hydrochloric acid. Ethyl acetate was added thereto,
and an organic layer was partitioned. The organic layer was
washed with a saline solution and dried over anhydrous
magnesium sulfate, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/n-
hexane), and thus 1.1 g of methyl 1-carbomethoxy-3.4,5-
tris(3,4-dicarbomethoxycaffeoyl)quinate was obtained.

Deprotection was carried out by the same method as that
of Synthesis Example 11, and thus 0.4 g of 3.4,5-tri-
caffeoylquinic acid (TCQA) was obtained.

Synthesis Example 18

Synthesis of 3,4,5-tricaffeoylquinic acid (8%)

H;COC0O, CO,CHj

“,

4A
E— — TCQA

HOY OH

Ol
s

4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1A (1.32 g), 2.5 mL of
pyridine, and 30 mL of dimethylformamide at -5° C. to 0°
C. The mixture was stirred for 1 hour at -5° C. to 0° C. and
for 5 hours at 0° C. to 5° C., and then the reaction liquid was
poured into cold dilute hydrochloric acid. Ethyl acetate was
added thereto, and an organic layer was partitioned. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 0.7 g of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
was obtained.

A mixture of 0.7 g of methyl 1-carbomethoxy-3,4,5-tris
(3,4-dicarbomethoxycaffeoyl)quinate, 4.5 g of anhydrous
lithium iodide, and 20 mL of pyridine was heated to reflux
for 4 hours. After the mixture was left to cool naturally, the
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography
(eluent: ethyl acetate/n-hexane) and ODS column chroma-
tography. Thus, 0.15 g of 3,4,5-tricaffeoylquinic acid
(TCQA) was obtained.

Synthesis Example 19

Synthesis of 3,4,5-tricaffeoylquinic acid (9%)

H;C0CO, CO,CH;

“,

4A
e — TCQA

HO™ OH
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4A (6.3 g) synthesized as described above was added in
small amounts to a mixture of 1A (1.32 g), 2.5 mL of
pyridine, and 35 mL of toluene at room temperature. There-
after, the mixture was heated to reflux for 5 hours at 80° C.
After the mixture was left to cool naturally, the reaction
liquid was poured into cold dilute hydrochloric acid, ethyl
acetate was added thereto, and an organic layer was parti-
tioned. The organic layer was washed with a saline solution
and dried over anhydrous magnesium sulfate, and then the
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluent:
ethyl acetate/n-hexane), and thus 1.7 g of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
was obtained.

A mixture of 1.7 g of methyl 1-carbomethoxy-3,4,5-tris
(3,4-dicarbomethoxycaffeoyl)quinate, 8.5 g of anhydrous
lithium iodide, and 30 mL of pyridine was heated to reflux
for 5 hours. After the mixture was left to cool naturally, the
solvent was distilled off under reduced pressure, and the
residue was purified by silica gel column chromatography
(eluent: ethyl acetate/n-hexane) and ODS column chroma-
tography. Thus, 0.6 g of 3,4,5-tricaffeoylquinic acid (TCQA)
was obtained.

Synthesis Example 20

Synthesis of (4D)

CO,H
HO /
—_—
HO

O

4{0 @_/FCOZH B
>—o

COCl

/

o

~
.

4D

9.40 mL of acetic anhydride was added dropwise at 0° C.
to a mixture of 7.20 g of caffeic acid, 20 mL of pyridine, and
0.12 g of 4-dimethylaminopyridine (DMAP), and then the
mixture was stirred for 3 hours at room temperature. The
reaction liquid was poured into ice, and was adjusted to pH
2 using hydrochloric acid at a concentration of 2 mol/L.
Subsequently, extraction was performed three times using
80 mL of an ethyl acetate/tetrahydrofuran mixed solution
[3/1 (v/v)], and then organic layers were combined and dried
over anhydrous magnesium sulfate. The solvent was dis-
tilled off under reduced pressure, and then a solid obtained
by adding n-hexane to the residue thus obtained was col-
lected by filtration. Thus, 9.9 g of a white solid of 3,4-di-
O-acetylcaffeic acid was obtained.



US 9,475,752 B2

53

3.5 mL of oxalyl chloride was added dropwise at —10° C.
to a mixture of 5.2 g of 3,4-di-O-acetylcaffeic acid thus
obtained, 100 mL of toluene, and 0.1 g of N,N-dimethyl-
formamide (DMF). The mixture was stirred for 3 hours at
room temperature, and then the solvent was distilled off ;
under reduced pressure. Subsequently, a solid precipitated
by adding an ethyl acetate/n-hexane mixed solution [5/95
(v/v)] was collected by filtration, and thus 5.4 g of a pale
yellow solid of 4D was obtained.

10

Synthesis Example 21

Synthesis of 3.4,5-tricaffeoylquinic acid

0 g ) 0

54

4D (2.87 g) synthesized as described above was added at
-5°C. to 0° C. to a mixture of 0.50 g of quinic acid methyl
ester, 1.15 mL of pyridine, and 20 mL of methylene chloride.
After the mixture was stirred for 1 hour at =5° C. to 0° C.,
the temperature was raised to room temperature. The reac-
tion liquid was poured into 1 N hydrochloric acid, ethyl
acetate was added thereto, and an organic layer was
extracted. The organic layer was washed with a saturated
saline solution and dried over anhydrous magnesium sulfate,
and then the solvent was distilled off under reduced pressure.
Thus, 2.98 g of a residue was obtained. The residue was
analyzed by 'H-NMR, and as a result, the purity of methyl
3,4,5-tris(3,4-di-O-acetylcaffeoyl)quinate included in the
residue was 50% by weight, and the yield was 65%. To 100

on
)

on

o™ (o]

HO ) 0
~ 0 oH

HO A

on
on

TCQA
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mg of this residue, a mixture of 5 mL of hydrochloric acid

at 1 mol/L. and 3 mL of tetrahydrofuran was added, and the
mixture was stirred for 7 days at room temperature. The
solvent was distilled off under reduced pressure. The residue
was purified by silica gel column chromatography (eluent: 3
ethyl acetate/n-hexane) and ODS column chromatography,
and thus 7.0 mg of 3.,4,5-tricaffeoylquinic acid (TCQA) was
obtained.

56

-continued
COCL

H;COCO,

H;COCO,
4A

Synthesis Example 22 10
Synthesis of (4A)
14.2 mL of thionyl chloride was added to a mixture of
s 48.08 g of dicarbomethoxycaffeic acid, 192 mL of toluene,
and 0.15 ml of dimethylacetamide, and the mixture was
heated and stirred for 1 hour at 50° C. The reaction liquid
COH was ice-cooled, and then a solid precipitated therefrom was
/ : collected by filtration and was washed two times with 20 mL
H;COCO, of toluene at 10° C. Thus, 44.7 g of a white solid of 4A was
20 obtained.
H,0000) Synthesis Example 23
Synthesis of 3.4,5-tricaffeoylquinic acid
4A
—_—
o™
H3CO\|/O O\”/OCH3
O (E) (6] (6]
(€] \ (6] (6]
H3CO)]\O N O)\OCH3
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4A (1.70 g) synthesized in Synthesis Example 22 was
added to a mixture of 0.31 g of quinic acid methyl ester, 0.65
mL of pyridine, and 10 mL of acetonitrile at 0° C. to 5° C.
The mixture was stirred for 1 hour at 0° C. to 5° C., and then
the temperature was raised to room temperature. Ethyl
acetate and water were added to the reaction liquid, and an
organic layer was extracted. The organic layer was washed
with a saturated saline solution and dried over anhydrous
magnesium sulfate, and then the solvent was distilled off
under reduced pressure. Thus, 1.88 g of a residue was
obtained. The residue was analyzed by 'H-NMR, and as a
result, the purity of methyl 5-tris(3,4-di-O-carbomethoxy-
caffeoyl)quinate included in the residue was 50% by weight,
and the yield was 60%.

3,4,5-Tricaffeoylquinic acid (TCQA) was obtained by the
same method as that of Synthesis Example 11 described
above, using the methyl S5-tris(3,4-di-O-carbomethoxy-
caffeoyl)quinate thus obtained, instead of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate.

Synthesis Example 24

Synthesis of 3.4,5-tricaffeoylquinic acid

H;COCO, CO,CH;

4A

HOY Y OH
OH
1A
H;COCO, CO,CH;
0
O\““. v (6] /
0 0
o)
H;COCO,» \
H;COCOy5
H;COCOy5
0CO,CH;

4A (1.56 g) synthesized in Synthesis Example 22 was
added in small amounts to a mixture of 1A (0.40 g) synthe-
sized in Synthesis Example 1, 0.6 mL of pyridine, and 4 mL.
of methylene chloride at —5° C. to 0° C. The mixture was
stirred for 1 hour at -5° C. to 0° C. and for 30 minutes at
room temperature, and then the reaction liquid was poured
into cold dilute hydrochloric acid. Ethyl acetate was added
thereto, and an organic layer was extracted. The organic

20
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layer was washed with a saline solution and dried over
anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. Thus, 1.81 g of a residue
was obtained. The residue was analyzed by 'H-NMR, and as
a result, the purity of methyl 1-carbomethoxy-3,4,5-tris(3,
4-dicarbomethoxycaffeoyl)quinate included in the residue
was 90% by mass, and the yield was 98%. The residue was
purified by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 1.51 g of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
was obtained.

A mixture of 1.51 g of methyl 1-carbomethoxy-3,4,5-tris
(3,4-dicarbomethoxycaffeoyl)quinate, 2.86 g of anhydrous
lithium bromide, and 15 mL of pyridine was heated to reflux
for 5 hours. After being left to cool naturally, the reaction
liquid was poured into cold concentrated hydrochloric acid.
Ethyl acetate was added thereto, and an organic layer was
extracted. The organic layer was washed with a saline
solution and dried over anhydrous magnesium sulfate, and
then the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (eluent: ethyl acetate/n-hexane) and ODS column
chromatography, and thus 0.62 g of 3.4,5-tricaffeoylquinic
acid (TCQA) was obtained.

— TCQA

0CO,CH;

0CO,CH;
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Meanwhile, as can be seen from a comparison with
Synthesis Example 23, in the case of the present Synthesis
Example 24 using a compound represented by Formula (1A)
in which R* is a hydroxyl protective group and R? is a
carboxyl protective group, the purity of the product obtained
after the reaction with a compound represented by Formula
(4A) (methyl 1-carbomethoxy-3,4,5-tris(3,4-dicar-
bomethoxycaffeoyl)quinate) was higher.
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Synthesis Example 25

Synthesis of 3.4,5-tricaffeoylquinic acid

H;COC0, CO,CH;

o™ N Ol

OH

1A

o}
0 o)
o)
H;COCO,» \
H;COCO;5
H;COCO5
OCO,CH;

4A (1.56 g) synthesized in Synthesis Example 22 was
added in small amounts to a mixture of 1A (0.40 g) synthe-
sized in Synthesis Example 1, 0.6 mL of pyridine, and 4 mL.
of acetonitrile at —5° C. to 0° C. The mixture was stirred for
1 hour at -5° C. to 0° C. and for 30 minutes at room
temperature, and then the reaction liquid was poured into
cold dilute hydrochloric acid. Ethyl acetate was added
thereto, and an organic layer was extracted. The organic
layer was washed with a saline solution and dried over
anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. Thus, 1.79 g of a residue
was obtained. The residue was analyzed by "H-NMR, and as
a result, the purity of methyl 1-carbomethoxy-3,4,5-tris(3,
4-dicarbomethoxycaffeoyl)quinate included in the residue
was 91% by weight, and the yield was 98%. The residue was
purified by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 1.58 g of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
was obtained.

A mixture of 1.58 g of methyl 1-carbomethoxy-3,4,5-tris
(3,4-dicarbomethoxycaffeoyl)quinate, 2.86 g of anhydrous
lithium bromide, and 15 mL of pyridine was heated to reflux
for 5 hours. After the mixture was left to cool naturally, the
reaction liquid was poured into cold concentrated hydro-
chloric acid. Ethyl acetate was added thereto, and an organic
layer was extracted. The organic layer was washed with a
saline solution and dried over anhydrous magnesium sulfate,
and then the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column chromatog-
raphy (eluent: ethyl acetate/n-hexane) and ODS column
chromatography, and thus 0.65 g of 3.4,5-tricaffeoylquinic
acid (TCQA) was obtained.
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— TCQA

0CO,CH;

0CO,CH;

Synthesis Example 26

Synthesis of 3.4,5-tricaffeoylquinic acid
H;COCO, CO,CH;
g 4A
—_—
o™ N Ol
OH
1A
H;COCO, CO,CH;
(@]
O\‘\' /
N2 0CO,CH;
H;COCO, N OCO,CH;
H,COCO5
H;COCO5
0CO,CH;

4A (1.04 g) synthesized in Synthesis Example 22 was
added in small amounts to a mixture of 1A (0.26 g) synthe-
sized in Synthesis Example 1 and 4 mL of acetonitrile at
room temperature. After being heated to reflux for 5 hours,
the reaction liquid was cooled to room temperature, and was
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poured into cold dilute hydrochloric acid. Ethyl acetate was
added thereto, and an organic layer was extracted. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 0.88 g of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-dicarbomethoxycaffeoyl)quinate
was obtained.

Ol
@]

HO \

HO

HO

OH

HO

HO

62
3.4,5-Tricaffeoylquinic acid (TCQA) was obtained by the
same procedure as that of Synthesis Example 25, using the
methyl 1-carbomethoxy-3,4,5-tris(3,4-di  carbomethoxy-
caffeoyl)quinate thus obtained.

Synthesis Example 27

Synthesis of 3.4,5-tricaffeoylquinic acid

~
g
.
S
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0] OH
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HO
OH

TCQA
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4D (37.0 g) synthesized in Synthesis Example 20 was
added in small amounts to a mixture of 1A (9.62 g) synthe-
sized in Synthesis Example 1, 15.8 mL of pyridine, and 96
mL of acetonitrile at -5° C. to 0° C. After being stirred for
1 hour at 0° C. to 5° C., the reaction liquid was poured into
cold dilute hydrochloric acid. Ethyl acetate was added
thereto, and an organic layer was extracted. The organic
layer was washed with a saline solution and dried over
anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. Thus, 38.9 g of a residue
was obtained. The residue was analyzed by "H-NMR, and as
a result, the purity of methyl 1-carbomethoxy-3,4,5-tris(3,
4-diacetylcaffeoyl)quinate included in the residue was 92%
by weight, and the yield was 98%. The residue was purified

10
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A mixture of 24.1 g of methyl 1-carbomethoxy-3,4,5-
tricaffeoylquinate, 32.3 g of anhydrous lithium bromide, and
200 mlL of pyridine was heated to reflux for 9 hours. After
being left to cool naturally, the reaction liquid was poured
into cold concentrated hydrochloric acid. Ethyl acetate was
added thereto, and an organic layer was extracted. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane) and ODS column chromatography, and
thus 9.28 g of 3.4,5-tricaffeoylquinic acid (TCQA) was
obtained.

by silica gel column chromatography (eluent: ethyl acetate/ 13
n-hexane), and thus 34.7 g of methyl 1-carbomethoxy-3,4,
5-tris(3,4-diacetylcaffeoyl)quinate was obtained. Synthesis Example 28
10.46 g of lithium hydroxide was added in small amounts
to a mixture of 34.7 g of methyl 1-carbomethoxy-3,4,5-tris Synthesis of 3,4,5-tricaffeoylquinic acid
(6]
P
: —_—
_—
1A
O
/\/
\/\O / E
o o
© o \ 0
/
o—\_\\
O
(6]

(3,4-diacetylcatfeoyl)quinate, 96 mL. of acetonitrile, and 150
mL of water at 10° C. to 20° C. The mixture was stirred
overnight at room temperature, and then 50 mL of concen-
trated hydrochloric acid was added in small amounts to the
reaction liquid at 10° C. to 20° C. Ethyl acetate was added
thereto, and an organic layer was extracted. The organic
layer was washed with a saline solution and dried over
anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 24.1 g of methyl 1-car-
bomethoxy-3,4,5-tricaffeoylquinate was obtained.
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In a nitrogen atmosphere, a mixture of 1A (200 mg)
synthesized in Synthesis Example 1, methylene chloride (10
ml), and pyridine (0.30 mL) was cooled to 0° C., and while
the mixture was stirred, 3,4-di-O-allylcaffeic acid chloride
was added thereto. The temperature was raised to room
temperature, and then the reaction mixture was partitioned
by adding ethyl acetate and 1 mol/L. hydrochloric acid.
Subsequently, the organic layer was washed with a saturated
saline solution, and was dried over magnesium sulfate. After
filtering the organic layer, the solvent was distilled off, and
the residue was purified by silica gel column chromatogra-
phy (eluent: n-hexane/ethyl acetate=1/1 (v/v)). Thus, methyl
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1-carbomethoxy-3,4,5-tris(3,4-diallylcaffeoyl)quinate (291
mg) was obtained. The 'H-NMR spectrum (solvent: CDCI,)
is presented in FIG. 10.
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In a nitrogen atmosphere, a mixture of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-diallylcaffeoyl)quinate (200 mg),
pyridine (4 mL), and lithium iodide (324 mg) was stirred for
6 hours at 100° C. After the mixture was cooled to room
temperature, ethyl acetate and 1 mol/L. hydrochloric acid
were added thereto, and concentrated hydrochloric acid was
further added thereto until the pH value of the aqueous layer
reached 2. The organic layer and the aqueous layer were

60
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partitioned, and the aqueous layer was further extracted with
ethyl acetate two more times. The organic layers thus
obtained were combined and dried over magnesium sulfate,

and then filtration and concentration were carried out. A
residue thus obtained was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate=2/3 (v/v))
using CHROMATOREX (SO3H) manufactured by Fuji
Silysia Chemical, Ltd. as a column packing agent, and thus
3,4,5-tris(3,4-diallylcaffeoyl)quinic acid (122 mg) was
obtained. The 'H-NMR spectrum (solvent: CDCl,) is pre-
sented in FIG. 11.
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In a nitrogen atmosphere, a mixture of 3,4,5-tris(3,4- Synthesis Example 29

diallylcaffeoyl)quinic acid (60 mg), tetrahydrofuran (3.5
ml), tetrakis(triphenylphosphine)palladium (3.8 mg), and 30 Synthesis of
morpholine (341 mg) was stirred for 4 hours at room 1-O-carbomethoxy-3,4-O-isopropylidene-1,5-quinide
temperature. After the mixture was cooled to room tempera- lactone
ture, ethyl acetate and 1 mol/L. hydrochloric acid were added
thereto, and concentrated hydrochloric acid was further 3 o
added thereto until the pH value of the aqueous layer )I\
reached 2. An organic layer and an aqueous layer were ~
partitioned, and the aqueous layer was further extracted with
ethyl acetate two more times. The organic layers thus 60

obtained were combined and dried over magnesium sulfate,
and then filtration and concentration were carried out. A )T

residue thus obtained was purified by silica gel column

5
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chromatography (eluent: ethyl acetate/methanol=5/1 (v/v)), IPQL

and thus TCQA (6.8 mg) was obtained.
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In a nitrogen atmosphere, a mixture of 3,4-O-isopropy-
lidene-1,5-quinide lactone (IPQL) (21.4 g), methylene chlo-
ride (214 mL), and tetramethylethylenediamine (TMEDA)
(13.9 g) was cooled to -12° C. while being stirred. Methyl
chloroformate (18.9 g) was added dropwise thereto over 15
minutes. After completion of dropwise addition, the tem-
perature was raised to room temperature, and stirring was
continued for 2 hours. The reaction mixture was partitioned
by adding 70 mL of 1 mol/L. hydrochloric acid thereto, and
then the organic layer was washed with a mixed liquid of 40
mL of a saturated saline solution and 10 mL of a saturated
aqueous solution of sodium hydrogen carbonate, and was
dried over magnesium sulfate. After filtration, 100 mL of
hexane was added thereto, and the solvent was distilled off
until the mass reached 70 g. Crystals precipitated therefrom
were filtered and dried under reduced pressure, and thus
1-O-carbomethoxy-3,4-O-isopropylidene-1,5-quinide  lac-
tone (24.8 g) was obtained as white crystals.

Synthesis Example 30

Synthesis of 1A

A mixture of 1-O-carbomethoxy-3,4-O-isopropylidene-1,
5-quinide lactone (40 g), methanol (1.6 L), and sodium
hydrogen carbonate (14.8 g) was stirred for 1 hour at room
temperature. The mixture was cooled to obtain an internal
temperature of 6° C., 40 g of sodium sulfate was added
thereto, and concentrated sulfuric acid (10.8 g) was further
added dropwise thereto. After 1 hour, the temperature was
raised to room temperature, and stirring was continued for 5
hours. Sodium hydrogen carbonate (3.7 g) was added to the
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reaction mixture, and the mixture was thoroughly stirred.
Subsequently, insoluble materials were filtered, and metha-
nol was distilled off Ethyl acetate (600 ml.) and sodium
hydrogen carbonate (98 g) were added to the residue, and the
mixture was stirred for 1 hour at room temperature. A solid
was filtered, ethyl acetate was distilled off, and then a solid
precipitated out by adding methyl tert-butyl ether was fil-
tered and dried under reduced pressure. Thus, 1A (33.9 g)
was obtained as white crystals.

Synthesis Example 31

Synthesis of 1A

A mixture of 1-O-carbomethoxy-3,4-O-isopropylidene-1,
5-quinide lactone (167.0 g), methanol (3.3 L), and sodium
methoxide (0.32 g) was stirred for 1.5 hours at room
temperature. The mixture was cooled to obtain an internal
temperature of 6° C., and concentrated sulfuric acid (9.32 g)
was added dropwise thereto. After one hour, the temperature
was raised to room temperature, and stirring was continued
for 5 hours. The reaction mixture was neutralized by adding
sodium methoxide thereto, and then methanol was distilled
off A solid precipitated out by adding ethyl acetate and
methyl tert-butyl ether to the residue was filtered and dried
under reduced pressure, and thereby 1A (100 g) was
obtained as white crystals.
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Synthesis Example 32

Synthesis of 3.4,5-tricaffeoylquinic acid

Ol
@]

(6]
HO N
HO
HO
OH
HO.
HO

4D (213.7 g) synthesized in Synthesis Example 22 was
added in small amounts to a mixture of 1A (55.5 g) synthe-
sized in Synthesis Example 1, 91.3 mL of pyridine, and 333
mL of acetonitrile at -5° C. to 0° C. After being stirred for
1.5 hours at room temperature, the reaction liquid was
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poured into cold dilute hydrochloric acid. Ethyl acetate was
added thereto, and an organic layer was extracted. The
65 organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. Thus, 2244 g of a
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residue was obtained. The residue was analyzed by
'H-NMR, and as a result, the purity of methyl 1-car-
bomethoxy-3,4,5-tris(3,4-diacetylcaffeoyl)quinate included
in the residue was 92% by weight, and the yield was 98%.

To a mixture of 20.3 g of the residue obtained here and 38
mL of acetonitrile, 11.2 mL of hydrazine monohydrate was
added in small amounts at 10° C. to 25° C. After the mixture
was stirred for 1.5 hours at room temperature, 21 ml of
concentrated hydrochloric acid was added in small amounts
to the reaction liquid at 0° C. to 10° C. Ethyl acetate was
added thereto, and an organic layer was extracted. The
organic layer was washed with a saline solution and dried
over anhydrous magnesium sulfate, and then the solvent was
distilled off under reduced pressure. The residue was puri-
fied by silica gel column chromatography (eluent: ethyl
acetate/n-hexane), and thus 12.2 g of methyl 1-car-
bomethoxy-3,4,5-tricaffeoylquinate was obtained.

A mixture of 7.51 g of methyl 1-carbomethoxy-3.4,5-
tricaffeoylquinate, 15.6 g of anhydrous lithium bromide,
4.80 g of pyridine hydrobromide, and 45 mL of pyridine was
heated to reflux for 1.5 hours. After being left to cool
naturally, the reaction liquid was poured into cold concen-
trated hydrochloric acid. Ethyl acetate was added thereto,
and an organic layer was extracted. The organic layer was
washed with a saline solution and dried over anhydrous
magnesium sulfate, and then the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (eluent: ethyl acetate/n-hexane)
and ODS column chromatography, and thus 6.0 g of 3,4,5-
tricaffeoylquinic acid (TCQA) was obtained.

Comparative Example

4D
—_— ——
OH
HO COH
(¢]
o 0 7
o O
0 OH
OH
HO. N
HO
HO
OH
TCQA
Not Detected

4D (0.650 g) synthesized in Synthesis Example 20 was
added in small amounts to a mixture of quinic acid (0.096 g),
0.27 mL of pyridine, and 3 mL of acetonitrile at -5° C. to 0°
C. After being stirred for 1 hour at 0° C. to 5° C., the reaction
liquid was poured into cold dilute hydrochloric acid. Ethyl
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acetate was added thereto, and an organic layer was
extracted. The organic layer was washed with a saline
solution and dried over anhydrous magnesium sulfate, and
then the solvent was distilled off under reduced pressure. 4
mL of acetonitrile and 6 mL of water were added to the
residue. 0.144 g of lithium hydroxide was added in small
amounts to the mixture at 10° C. to 20° C. After the mixture
was stirred overnight at room temperature, dilute hydrochlo-
ric acid was added in small amounts to the reaction liquid at
10° to 20° C., and thus the reaction liquid was acidified.
Ethyl acetate was added thereto, and an organic layer was
extracted. The organic layer was washed with a saline
solution and dried over anhydrous magnesium sulfate, and
then the solvent was distilled off under reduced pressure.
The residue was analyzed by high performance liquid chro-
matography; however, 3,4,5-tricaffeoylquinic acid was not
detectable.

What is claimed is:

1. A method for manufacturing 3.4,5-tricaffeoylquinic
acid, the method comprising at least Step (1) of allowing a
compound represented by Formula (1) or a compound
represented by Formula (2) to react with a compound
represented by Formula (4); and Step (2) of deprotecting the
product obtained in Step (1), and producing 3,4,5-tri-
caffeoylquinic acid represented by Formula (6):

M

@

where in Formula (1), R! represents a hydrogen atom or a
hydroxyl protective group; R* represents a hydrogen atom or
a carboxyl protective group; at least one of R* and R? is not
a hydrogen atom or R* and R? are joined together to form a
protective group represented by —B(R“)—; R represents a
C, ¢ alkyl group which may be substituted, an aryl group
which may be substituted, or a C,_ alkoxy group which may
be substituted; and R?, R* and R>, which are identical or
different, each represent a hydrogen atom or a group repre-
sented by Formula (3),
in Formula (2), Y represents *,-OR”; R either does not
exist or represents a hydrogen atom; *, represents the
position of bonding to a carbon atom represented by
C1; A either does not exist or represents a monovalent
cation; M represents a boron atom, a silicon atom, a
divalent metal ion, or a trivalent metal ion; and m
represents an integer of 2 or 3,
when M is a boron atom, m represents 2, and A represents
a monovalent cation, when M is a silicon atom, m
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represents 2, and A does not exist; when M is a divalent
metal ion, m represents 2, and A does not exist; and
when M is a trivalent metal ion, m represents 3, and A
does not exist, and

at least one of R, R*, and R represents a hydrogen atom:

(©)

where in Formula (3), R® and R”, which are identical or
different, each represent a phenolic hydroxyl protective
group; or R% and R” are joined together to form a protective
group selected from the group consisting of a carbonyl
group (—CO—) and a methylene group which may be
substituted; and * represents the position of bonding to an
oxygen atom of the compound represented by Formula (1),
and

Q)

x!

where in Formula (4), X' represents a hydroxyl group or a

leaving group; and R® and R” have the same meanings as
described above,

)

o

OH

OH
HO

OH oI

OH

wherein a compound represented by Formula (1a) is used in
the Step (1), and the method comprises, before the Step (1),
Step (3) of allowing a compound represented by Formula
(A3) to react with a compound represented by Formula (AS5),
and thereby obtaining the compound represented by For-
mula (la):
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(1a)

(A3)

o Y
et

R?0OH

(A5)

where in Formula (1a) and Formula (A3), R1 represents a
hydrogen atom or a hydroxyl protective group; and in
Formula (1a) and Formula (A5), R2 represents a hydrogen
atom or a carboxyl protective group, provided that at least
one of R1 and R2 is not a hydrogen atom.

2. The method according to claim 1, wherein Step (1) is
carried out in the presence of a solvent having an SP value
of 8.0 to 10.0.

3. The method according to claim 1, wherein the tem-
perature of the reaction for Step (1) is —=10° C. to 30° C.

4. The method according to claim 1, wherein X' repre-
sents a halogen atom.

5. The method according to claim 1, wherein X' repre-
sents a chlorine atom.

6. The method according to claim 1, wherein R' is a
hydroxyl protective group, and R? is a carboxyl protective
group.

7. The method according to claim 1, wherein

R! represents a C,_, alkoxycarbonyl group which may be

substituted, an aryloxycarbonyl group which may be
substituted, or an acyl group which may be substituted;
and

R? represents a C,_¢ alkyl group which may be substituted,

or a C, ¢ alkenyl group which may be substituted.

8. The method according to claim 1, wherein

R! represents a C,_ alkoxycarbonyl group which may be

substituted with a halogen atom; and

R? represents a C,_, alkyl group which may be substituted

with a halogen atom.

9. The method according to claim 1, wherein R® and R7,
which are identical or different, each represent a C, g
alkoxycarbonyl group which may be substituted, an ary-
loxycarbonyl group which may be substituted, or an acyl
group which may be substituted.

10. The method according to claim 1, wherein R and R”,
which are identical or different, each represent a C, g
alkoxycarbonyl group which may be substituted with a
halogen atom.

11. The method according to claim 1, wherein R?, R*, and
R are hydrogen atoms.

12. The method according to claim 2, wherein the tem-
perature of the reaction for Step (1) is —=10° C. to 30° C.
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13. The method according to claim 2, wherein a com- -continued
pound represented by Formula (1a) is used in the Step (1), (A3)

and the method comprises, before the Step (1), Step (3) of
allowing a compound represented by Formula (A3) to react
with a compound represented by Formula (A5), and thereby 3

obtaining the compound represented by Formula (1a):
10 )T
(1a)

R?0OH

On,,,

(A5)

> where in Formula (Ia) and Formula (A3), R' represents a

hydrogen atom or a hydroxyl protective group; and in
Formula (Ia) and Formula (AS), R? represents a hydrogen
atom or a carboxyl protective group, provided that at least
one of R and R? is not a hydrogen atom.

#* #* #* #* #*



